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WD 2004/ 048102 PCT/ AU2003/ 001506 THERMAL | NK JET
PRI NTHEAD W TH SUSPENDED BEAM HEATER FI ELD OF THE

WO DMERHIICN 5 The present invention rel ates toPE@EI/AU2003/001506
thermal ink jet printhead, to a printer system
i ncorporating such a printhead, and to a nethod of
ejecting a liquid drop (such as an ink drop) using

Sy RN T SR TR R R Sy SoSPE DD

by way of form ng gasBEANMPHEATIRes in a bubbl e
formng liquid. This principle is generally described
in US Patent No. US3, 747,120 (Stemme). 15 There are
FIEAD OKTHEOINVENDEONof thermal ink jet (bubblejet)
printhead devices. Two typical devices of this type,
one nmade by Hew ett Packard and the ot her by Canon,

THREHEsehHhventicd) r@lﬁfeb &a flﬁﬁﬁJﬂQ& ?;B? gnﬁih@m’ &% 8 phiftfer S¥sBnh N
i nk adj acent the nozzl es. Eac is covered by

ingprperating $us amyinthead prindtte 2 mﬁﬁhqshof esecang epigpish &py (such as an ink
dr @b ricat 'te{ﬂe (ﬂd which is 20 nechanically secured

PR e WEF A 8B e chanber. In certain prior art

deV| ces, the top plate is nade of Kapton TMwhich is

Dupont trade nane for aq%)lyimde film which has
Btﬁ@ ROID T THEEENYENIION t he nozzl es. These devi ces

al so include heater elenents in thernmal contact with
ink that is disposed adjacent the nozzles, for heating
THehredenkintbitiodtipvdlogsithe gectipasoftitib tops by walylog forming Fdseor vapor

bl ¢ Qubils g Wi ERPEaGRIURSorRoD| Geriied 1L Fatent No.

@%)17@7312(9 Stérﬁﬁej)r esent invention to provi de a useful
‘ternative to the known printheads, printer systens,

or met hods of ejecting drops of ink and ot her rel ated

Thes' g V3t e g oREF RO 9057 B TLESS BiRRRRIARET: o
typioMENAERNof this type, one made by Hewlett Packard and the other by Canon, have 1nk

ejection nozzles and chambers for storing ink adjacent the nozzles. Each chamber is

covered by a so-called nozzle plate, which is a separately fabricated item and which is
mechanically secured to the walls of the chamber. In certain prior art devices, the top plate
is made of Kapton ™ which is a Dupont trade name for a polyimide film, which has been
laser-drilled to form the nozzles. These devices also include heater elements in thermal
contact with ink that is disposed adjacent the nozzles, for heating the ink thereby forming
gas bubbles in the ink. The gas bubbles generate pressures in the ink causing ink drops to
be ejected through the nozzles.

It is an object of the present invention to provide a useful alternative to the known
printheads, printer systems, or methods of ejecting drops of ink and other related liquids,

which have advantages as described herein.
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According to a first aspect of the invention there is
provided an ink jet printhead 5 conprising: a
w@bkwnaksivy of nozzles; and at | east one respecPCwau2003/001506
heat er el ement correspondi ng £o each nozzl e, wherein
each heater elenent is in the formof a suspended
beam arranged for Dbeing suspended over at |east a
portion of a bubble forming liquid so as to be 10 in
thermal contact therewith, and each heater elenment is
SUMMARY ©F THENBMVENTIO®RSt part of the bubble
formng liquid to a tenperature above its boiling
point to forma gas bubble therein, thereby to cause

A%%Zdiﬁ%?ﬁﬁﬁ?& a%ec%ﬂh@&xz@ﬁticﬁﬁthﬁﬂeﬁ& AR R lah Gl t %Hﬁ@g&ﬁ

e corresponding to t eater ele
cobmrsingd:Nng t 0 a second aspect of the invention there is
provi dfd a inter system incorporating a printhead,
t he %P“ﬁ?ﬁ%gémﬁg r4%ing: a plurality of nozzles; and
at | §a8st ONErebRINGERdYE IBRINE Eor?ésg&?(ﬁﬁg LR RBLAE Wirein
to each nozzl e, wherein 20 each heater elenment 1s In
the form of a eashpertdrelebentns inathe forgeef & mspended heam, arranged for

P Sy Bl A3 AR b AP BP0

each heat grihen@esitadt Shep@pith, adged to heat at | east
part of the bubble formng liquid to a tenperature

above its boi | ¢ash heeerelementiip eontigugpslsdo hawtst keastamrt of the bubble

t herein, L O, C j ect.i qn. dr

ci et abi e Py b ieGlspBeltEe Fh s WoiRe Bl RAR! o B bubote
t hat heat thereix, givezey. to Aswserthk jgction of atdrop of asgjeatblotiquid through
the invention there is provided a nethod of ejecting a

drop of ’;‘ﬁ ngrzlg F@B@Seomdqa&t%tﬁﬁfﬂﬁmeaeksmem- head, the

printhead conprising a plurality of nozzles and at 30

| east one respective heater el enent corresponding to
Aeaxding ¢ z kecond hepentedfhibalinyempmi thereds prolrizled agypimtepfsystem

in é{ggi Ingglptﬁﬁlgl@}egé,lt %Igﬁlg‘gﬂ %Erle?iggmeggch heater elenent is

a plurality of nozzles; and

at least one respective heater element corresponding to each nozzle, wherein
each heater element is in the form of a suspended beam, arranged for
being suspended over at least a portion of a bubble forming liquid so as to be
in thermal contact therewith, and
each heater element is configured to heat at least part of the bubble
forming liquid to a temperature above its boiling point to form a gas bubble
therein, thereby to cause the ejection of a drop of an ejectable liquid through

the nozzle corresponding to that heater element.

According to a third aspect of the invention there is provided a method of ejecting a drop of
an ejectable liquid from a printhead, the printhead comprising a plurality of nozzles and at
least one respective heater element corresponding to each nozzle, the method comprising
the steps of:

providing the printhead wherein each heater element is in the form of a suspended

beam,;



10

15

20

25

30

WO 2004/ 048102 3 PCT/ AU2003/ 001506 di sposing a bubbl e

formng liquid such that the heater elenents are
w@omibisaned above, and in thermal contact w t hPCEAU2003/001506

| east a portion of the bubble3forn1ng liquid; heating

at | east one heater elenment corresponding to a said

nozzle so as to heat at |east sone of said porti on of

t he f I 1 | i r cont a

i ¢ R L AN Rl S0 B Ty e R G5 R onea
aboeemeah tlre@nafnwmct Wethpoildads@pdrtbAbf Bk bubisle BotRbheliquid;

form ui d; gener at i ng a gas bubble in the bubble

f or i ng Ajans opg hesercplayncns corresnarding b a dnozzia a9 a3do heat at
1ehfiSorlE P pBHRA %me%dbb&%hﬁmhg 1A Rn LUt with the
nozzl e corr s on ast one
athent ene }Ela&déreateb yleﬁlantdo sttappeahtugestaratiat@iling@ant of the bubble
bubble. .10 As will be understood by those skilled in
formmediquid;¢ he ej ection of a drop of the ejectable
|1 qubdleAsing
AR b IS ARy s oosin
|'i quéattsingitiecdrop iofi eientbble iluqenﬂtte be Iejsectekiehmagietﬁemyzleﬁ:orrespondmg

odbg esEind REvSLISEIT Rlfreat Sl sep of wlEHBRE BRI

whi ch forces the 15 drop through the rel evant nozzl e.

The bubble is generated by Joul e heating of a heater
Agpelhbaundgrsteed by those $1ﬁ1é¢dmlthq:@httb%cjewmftah@op ofche Fleetable

lllgll(? 8{ 5és8§ﬁ?d%{4re°iﬁ 1?%Q+se8 gy% e a%]eplgrafhgﬁ %) %gag)gﬁ ggt];bl%r}]ez?h%bble

ur a cal

fosthingdidubd &\thld:m it Elﬁbd)dlﬂl@ht@ is Uhﬁanﬁlﬂbﬁ%r of Bygiang shefepdctable liquid.
fem1n1c roseconds after the heat er pul se |s turned off.
ple @B SN inqregse HHPIEENELH. &jqotabln Hquig wiich forces the

oy 05 a7 CHR B LARSRS) b1 PRlg e et

elemedtadech Bris ithmma]f canteet witk thel inkt The elestplea:ll fulseaippkied to the heater

. sugch oi nt eferred to. as th oi nt of oIIa se"

is §f bripfiBelisgh bpieplE 165+ i Ramisrosesaiitan Rye feostoted heat in the liquid, the

bdeléPé?cﬁahﬁH% BPERV fBSofecBhds et fh¥ hgateplsmgé ﬁ%m@@ ot Als {RSvapor
chanber and one or nore heater elenents

co(@&ﬂ; iteegvodenisag resultigoin bubble IcellaplEacWh@bllnhhlmollapseﬁ 26a phiat
B ARRB S S el o P PP fnah POSHARG o this

spaéifidatid) blichGepdint is keéferrdll 15 a8 BRCHpbi BF tERpseMT1tEe bubble.
reference is made to parts being in thermal contact

with each other, this neans that they are positioned

A} 8 08 OB s AR08 b s
chambtr areiv@re drmoarg hezttblﬁel@ﬁérttScort‘dSp(ﬂBEﬂlg/B&aach nozzle. Each portion of

the printhead pertaining to a single nozzle, its chamber and its one or more elements, is

referred to herein as a “vnit cell”.

In this specification, where reference is made to parts being in thermal contact with each
other, this means that they are positioned relative to each other such that, when one of the
parts is heated, it is capable of heating the other part, even though the parts, themselves,

might not be in physical contact with each other.
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m ght not be in physical contact with each other. WO
2004/ 048102 4 PCT/ AU2003/ 001506 Al so, the term "ink"

WO 200u8e8102 0 signify any ejectable |iquid, and PGI/AT2003/001506
limted to conventional inks¥containing colored dyes.
Exanpl es of non-col ored inks include fixatives,
infra-red absorber i nks functionalized chem cal s,

Sives. .hi.ol ogi cal ui.ds., nd

ARG BRI D S L8 lonlt U BB oy S Elmiredos o

con¢&dionalk ml&@é‘c&ﬁﬁﬁihgbylobéﬂ &yebt Exa‘rhlblys 6f ol dolisred inks MbludRyfixatives,
contain a suspension of solid particles or be solid at

infransed ahsapher ik fanctipnalizad phipricats, a¢hesivpe diglegical fluids, water and
It

ot Rl it g . TS BRGLCIE LY O wid ol EfoPocRBNP YL G srictly

a liduad, e inodi contaddh euspénsidrestisolid partidleDor B kdd at room temperature

anBESCanP #O\J OF THE DRAW NGS Preferred enbodi nents of

K hFE PIGSHA (PP De described, by way of exanple
only, wth reference to the acconpanying
representations. The drawi ngs are described as 15
Infthils Ispewsficatioguthe tetmi “peraodic hlemeni’cefersae sn stamedanbnba type esflected in

t hrou nmber of a unit cell of a printhead
mse%?@?@T%fiW odi ment of the invention, at a
particul ar stage of operation. 20 Figure 2 is a
schemati c cross-sectional view through the ink chanber
DETAJLED DESCRIRIION OFSEREDRAVOINGSt i on. Figure 3 is
a schematic cross-sectional view through the ink
chanber Figure 1, at yet another stage of operation.

Praferfet] gHiibedéndnss ¢f tEE MEBMIonOVILISEbS&stiibiby Wiaof example only,
through the ink chanmber Figure 1, at yet a further

wifl EjereRte (g3t CPBRIIMEPESENtAtions. di haé%ﬁﬁ&&ar% described as
fofib@ss-sectional view through a unit cell of a

printhead in 30 accordance with the an enbodi nent of

the invention showing the collapse of a vapor bubbl e.
Figié%ezlcl)lg La‘i/s%ie%a%é c?cisg Cs:gcéguzloxgg\{v g}%%g 6an ]E%%H%‘ggg‘fﬂf ag@it:{:gg ofa
prafthQEBEEGIRE S BE 6hb¥&ment of the invention, at a particular stage of operation.

Figure 2 is a schematic cross-sectional view through the ink chamber Figure 1, at another

stage of operation.

Figure 3 is a schematic cross-sectional view through the ink chamber Figure 1, at yet

another stage of operation.

Figure 4 is a schematic cross-sectional view through the ink chamber Figure 1, at yet a

further stage of operation.

Figure 5 is a diagrammatic cross-sectional view through a unit cell of a printhead in

accordance with the an embodiment of the invention showing the collapse of a vapor
bubble.
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views (Figure 30 being partly cut away) of a unit cel

of a printhead in accordance with an enbodi nent of
W@ b@4jogsient i on, at vari ous successive stages iPCT/AB2003/001506

producti on process of the printhead. 5 Figures 7, 9,

12, 15, 17, 20, 22, 25, 27, 29 and 31 are each

schematic plan views of a nask suitable for use in

. r g ugd i r . .
rifies CEMPELI3, PhaB aliat rie ol AR L bR Berspective

viéwgHigwe 300einig@attly AR awsy)arhwhitRell of g banthtadin accordance with an
perspective view of the unit cell of Figure 30 shown

empfpadpmentipd thedRyenlop, o vario ieesgsiveplggrsdn 3ip pradygtion process of the
pﬁﬂﬂﬁ%ﬁatic perspective view, partly cut away, of a unit

e of a printhead according to the invention having

anot her particul ar enbodi nent of heater elenent. 15

Fi ' [ [ f K i tabl
e 38,1208 350872 28 B A0 B ot ot B 3Bb S mast
suRthb1BAGAE iiPherfdrA Lthd BrdRtié LI Br IRGABRRE Tas 828R Aled in the
thereof. Figure 35 is a schematic perspective view,

regpective/ingnediatelyypreasfling fignras. cel | of a printhead 20
according to the invention having a further particul ar
enbodi nent of heater elenment. Figure 36 is a

Fig6leeSTHS h urted BchéhRvic PérsPedtis kicwb fitBO gt EQT ofUS8ure30 shown with
perform ng the production stage for the printhead of

thepgealeplate amgitted.or ni ng t he heater el ement thereof. 25
Figure 37 is a further schematic perspective view of
the unit cell of Figure 35 shown with the nozzle

Fiptret3d B schédaticpegypeeti@8vies, mridrhe maay,ofpanstypet] tof ¥ @rinthead
view, part]y cut away, of a unit cell of a printhead

acae@&%gdpﬁ%e inention haxpg RRPGRT ATy ebodiment of E%ﬁt?r. TNt
enbodi nent of heater elenent. 30 Figure 39 is a
schematic plan view of a nmask suitable for use in

Figauef3drisra schetrtatic plandisy bHamask swgabledor vdean peiforinkieg thegfroduction

Figqure 38 for. form ng.the. heate | ement thereof. WO
stass) B s ent P BAGI00S) BOTaEe PRl et flerepr.

further schematic perspective view of the unit cell of

Figure 38 shown with the nozzle plate omtted. Figure
Figurei3$ is a seieanntic perspestive aievi, prolyght awao 2f & uni¢ helhbls pridthead

aco Eﬂgntto LS %vgn {:O%rh%!\/ﬁll 2 Brfd particular embodiment of heater element.

Figure 36 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 35 for forming the heater element thereof.

Figure 37 is a further schematic perspective view of the unit cell of Figure 35 shown with

the nozzle plate omitted.

Figure 38 is a schematic perspective view, partly cut away, of a unit cell of a printhead

according to the invention having a further particular embodiment of heater element.

Figure 39 is a schematic plan view of a mask suitable for use in performing the production

stage for the printhead of Figure 38 for forming the heater element thereof.
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5 enbodi nment of the invention show ng a suspended beam
heater elenent imersed in a bubble formng |iquid.

wWO-r@unes1d? i s schematic secti on t hrough a nozzP@&I/AU2003/001506

chanber of a printhead accordi'ng to an enbodi nent of
the invention showi ng a suspended beam heater el enent
suspended at the 10 top of a body of a bubble formng
m [
F{ﬁ‘%?éu‘(gréﬁ%‘g?@&ge?’?dﬁtﬁﬁg% E%g%gz?gcﬁhg &1[ I%R%el‘f oﬁ#ggfe g1  shown with
thefnozhle platwemittedn showi ng a nozzle. 15 F| gure 44 is a
di agrammatic plan view of a plurality of unit cells of
a printhead according to an enbodi ment of the
Figﬂi’ee‘{‘lt 1SN cRPM NG ctfont %ij 'atnY) At cﬂaﬁ‘ﬁgér ©fa ﬁﬁh@l‘éﬁ@ acAcgrding to an
di agrammati c section t oug a nozzle c
embcdm@ah@fdhwmhnttdmeshownmmspcnds& beim eatehdanent immersed in a
b]g?bgnfnt . € ed in a substrate. 20 Figure 46 is a
ection through a nozzle chanber in
accordance W|th an enbodi nent of the invention
showi ng a heater elenent in the formof a suspended

F@WZ ispplpmpadic sgctios throgphn g naralechambee of # printhkadagghbrding to an

BT R Bl Ao TSR BTN g
t(Iﬂ)I dgradyef ik bulsite fordiing Bguddlgh a nozzl e chanber in

accordance with an enbodi ment of the invention
showi ng a heater el enent defining a gap between parts

%ﬁlﬁg & [

segﬂ%ﬁ aﬂwr oug atl@ﬁlozzwgfh ]%B{ cc‘elﬁoof(tj‘l @%ﬁlgéggg?é gﬁlg & to an

embodimehieof theingedtiomshowhpd mayzk. t hi ck nozzl e plate. WO
2004/ 048102 7 PCT/ AU2003/ 001506 Figure 50 is a
diagrannatic section through a nozzle chanber in

FU PR, afidplaf RSO MERLraBity (Wlﬁnﬂ d@:ﬂ? BF b BAnthead according to

s owing a thin nozzle plate.” Figure 5

ani¢mbedimeat ¢fchsiavention shhwingghplarafityzof n@zzlhanber in
accordance with an 5 enbodi rent of the invention
showi ng two heater elenents. Figure 52 is a

Figu R0t il aelidgearSifafid @otidh IRoeh 2nd¥eRZIhembAR e a@brdince with the

prior art printhead show ng two heater elenents.
invention showing a heater element embedded in a substrate.

Figure 46 is a diagrammatic section through a nozzle chamber in accordance with an

embodiment of the invention showing a heater element in the form of a suspended beam.

Figure 47 is a diagrammatic section through a nozzle chamber of a prior art printhead

showing a heater element embedded in a substrate.

Figure 48 is a diagrammatic section through a nozzle chamber in accordance with an
embodiment of the invention showing a heater element defining a gap between parts of the

element.

Figure 49 is a diagrammatic section through a nozzle chamber not in accordance with the

invention, showing a thick nozzle plate.
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10 Figure 53 is a diagrammtic section through a pair
of adjacent unit cells of a printhead according to an

wepdvemisrent of the invention, §homﬁng two di f f BCBAU2003/001506
i

nozzl es after drops having different vol unes have
been ejected therethrough. Figures 54 and 55 are
di agrammatic sections through a heater elenent of a
r i re
F 0 25 BBl B2 s B AR
erfAl@timhehntod thd mvaniomhodinge:rttumiozmq)latavent ion. 20
Figure 57 is a diagranmatic el evational view of a
heater el ement connect ed to el ectrodes, of a
erglriggg &cﬁ@n o qu gﬁ%arﬁf)egiﬂgcéd}ﬁﬁﬁg 'vxgﬁilian
gure I's a sc emati c g%: perspective view o
emabglimantvd slce invehiion shéwmgpworiichtenelemantsor di ng to an
enbodi ment of the invention. 25 Figure 59 is a
schemati c perspective view the printhead nodul e of
FighW28is éﬁla"gp‘i’fﬁﬁatl@&%ﬁ@ﬁ Be&hh FAReRhBAbESorS S} Ehead
Side view, shown partly in section, of the printhead
Shmdlug‘eva)ﬁeatez@eﬁlegtﬁre 58. Figure 61 is a schematic plan
view of the printhead nodul e of Figure 58. WO
2004/ 048102 8 PCT/ AU2003/ 001506 Figure 62 is a
FipGReTREk b didxhAatecscefss BReddhViEpait ehidfced uRlit dal1§ 8A&printhead

according to an enbodi nent of the invention. Figure

agggrding tg agcrbedinent plitherHeyengen.shewinatwodiBorenf nazakes after drops
| Ioded Fi gure 64

h&ﬁ%&1§f§%§%§{l}1§ ?irﬂ%vﬁtb%{g/n ég&\é@ tl}egécH%rﬁ nt head of Figure

62. Figure 65 is a schematic rear view of the

pr| nt head _of Fjgure 62. 10 Fi g 66 is a schemtic
ﬁqam? éé\ﬂr&rdlﬂaxémﬁ}arlﬁ fertigns @rm}%%giheéteez lemept g p RrigyArt
pllm?thé‘ gschematic plan view of the printhead of Figure

62. 15 Figure 68 is a schematic perspective view of

the printhead as shown in Figure 62, but shown

un .oded. . . .
Flléugxsly is a%gagrammatlc section through a conformally coated heater element according

to an embodiment of the invention.

Figure 57 is a diagrammatic elevational view of a heater element, connected to electrodes,

of a printhead according to an embodiment of the invention.

Figure 58 is a schematic exploded perspective view of a printhead module of a printhead

according to an embodiment of the invention.

Figure 59 is a schematic perspective view the printhead module of Figure 58 shown

unexploded.

Figure 60 is a schematic side view, shown partly in section, of the printhead module of

Figure 58.

Figure 61 is a schematic plan view of the printhead module of Figure 58.



Figure 69 is a schematic |ongitudinal section through

the printhead of Figure 62. 20 Figure 70 is a bl ock
waelr@gneannf a printer system according to an epDAU2®BN01506

of the invention. DETAILED DESCRI PTION 25 In the

description than follows, correspondi ng reference

nunmeral s, or corresponding prefixes of reference

. f.th f
AT Batlnfte Bo RS et SRR AE hgto n
entiddfBee oF tHeligdngionr €l ate to correspondi ng parts. Were

there are corresponding prefixes and differing
suffixes to the reference nunerals, these indicate

t
R s s A e At
uneggloaéd. on WO 2004/ 048102 9 PCT/AU2003/001506 Wth
reference to Figures 1 to 4, the unit cell 1 of a
printhead according to an enbodi ment of the invention
: [ t therein, the
R R L B i
extendlng through the nozzle plate. The nozzle plate 2
l.a etched froma.sil.icon nitride_structure
FighTe R 1 & SCHEIGF £t VoD st PEROGHE e $2por 5
deposition (CVD), over a sacrificial material which is
subsequently etched. The printhead also includes, with
Figers|96ads a sahematin boidoraveevB ot thie gainthaid of Bigure 62hi ch t he
nozzle plate is supported, a chanber 7 defined by the
wal ls and the nozzle plate 2, a nulti-layer substrate
Figure5d i9# séiRiratic BRASAER oBthe piaftéhd of Figuriep) the
mul ti-layer substrate to the far side 10 (not shown)
of the substrate. A |ooped, eIongate heater el ement 10
t .
Fi g??é?] Q&%& Yi’%h&ls eoctrtl&g gt e%p@fgfggg t*(l}e%f)ebs sjﬂ%ntiuﬂ glgure 62, but
shpwnmh&q&dkﬂs shown is a mcroelectronmechanical system
(MEMS) structure, which is fornmed by a |ithographic
process which is described in nore detail below 15
. . r
Fl%?9g % aﬁ{eﬁ%ﬁ?e th nhl th?n«gnetP&d;Jg\}}Jcﬂe ﬁﬁrﬁﬁéa% Jf‘ﬁﬁ{ré! Bb.
passage 9, so that the chanber fills to the IeveI as

Figa%ifl i S B Gt g bR B SR P SR g1 e
int&aont he heatrng is in the formof a thermal pulse.

It will be appreciated that the heater elenent 10 is
in thermal contact with the ink 11 in the chanber 7

DETAIPED BRSCRIBTIGNETENt IS heated, this

In the description than follows, corresponding reference numerals, or corresponding

prefixes of reference numerals (i.e. the parts of the reference numerals appearing before a
point mark) which are used in different figures relate to corresponding parts. Where there
are corresponding prefixes and differing suffixes to the reference numerals, these indicate

different specific embodiments of corresponding parts.

Overview of the invention and general discussion of operation
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20 causes the generation of vapor bubbles 12 in the
i nk. Accordingly, the ink 11 constitutes a bubble
wo eoomiosgyod i qui d. Figure 1 sho the formati on PET/AU2003/001506
bubbl e 12 approximately 1 m €rosecond after
generation of the thermal pulse, that is, when the
bubbl e has j ust nucleated on the heater elenents 10.

\NII'%I r@fe#encg fo %Bfegﬁltgt eﬁllg cﬁll 2 ta E)%nﬁl%gcﬁ aec%rcﬁﬁ) { ioa%derﬁ%diment

ormo pul'se; ene neces

ofBeBivahitéon dmﬂiﬁ;bbh fozle platet2owiie nszm@ 3 Khdrem B:l’fd r[bzzl%Ehavmg
t hat short t| me. Turning briefly to Figure 34,

t
nqzglegitphfy adrpgiures S eEfendipg mr%ghathﬁ @a%? plpte. &hetmézele plate 2 is
pl?§r#1§£tbﬁegldfréﬁ9@ sﬁﬁo?‘:ﬁ?t%lue sfr&b‘ﬁ!nlé%ﬁ g‘ﬁ%ﬁ rbér VJ‘%’ of chemlcal vapor

erre bove ring alith ogra
deesition PEWD),rovepa eadtifical l‘nabz@iabwhl(‘hSS subsequeatly étaheds us ed
to formthe heater 14, 30 the shape of various of its
parts correspond to the shape of the el enent 10. The

Tﬁv\%@?tﬂ‘%d a‘l%%@lﬁ@ésew%%’é @&Sto %adﬁﬁfzﬂie 3, slis aNs 6 oIHXthh the nozzle

to identify various parts of thé heater .
plhteds mppmﬂech as:hainbelt T deﬁ;s:d b5 thowaldsportbie ngzzﬂe)plaﬂeé pamhs—layer

k 13 d t
u% %:tgg gﬁ% Ptrﬁjlsiage ﬁéte"f} ing dhrgueh &qﬁ@gqaﬁ? %1&)68% m«h gw far side
(noR§Hown)) Bf W 30RO 48 16bhed Lol bifghte A leHehbIPis suspended within the

operation, voltage is ap I|e across the el ectrodes 15
chagbenlise tb%tﬁh%ﬂﬁmle@t i urbthe fompoiihsuspended bearanthy printireas as shown

SRR S BN, PSSO, AR, 5RSoffproic

prob&s elhtdhEs desciibud in ey deyaiidlowf the power consumed in
operati ng the heater 14 is dissipated via the el enent
in creating the thermal pulse 5 referred to above.

g'i}reted}%iﬁé ﬂq?ﬂltus% Onk g1 'I‘x%"ﬁf §{jes oﬂ?ﬁ&r h@\%ﬂ RGN he &%@ger 7 via

ornms along the |engt errent
thb Gk b pfassmgp 8asd that, the chdrhlser fﬂls%tl&dc\tel as siiowm 1ﬁ\E1gdre 1 Thereafter,

ure as f.o bl e r e
the et el 10HS raustbIoE Reme i 18 e 19BErp SheoRdhgo-fias the heating

isk Bl frrd &f a ﬁféﬁﬁalgﬁﬂé’er atad ’be gﬂ&@ﬁteﬁﬁhétﬁﬁé' BRES eldhent 10 is in
pressure within the chanb in turn causes

thehml spafacti with the mk it opthe Ghambqr Hesoithat wientthe dgtghnttlhbeated this

o131 g 08, P FRREIeS 47 iy P s Kk i B T Pl Hhtites o
bEbbPoffn S 11 @@d | BigureliSshbhe thieeReamidr@ta Bubblecl 2 ag:pﬁuadxmmely 1

one nozzle and chanber 7 per_inlet passage .S SO

migregecenkatiep geresatian efdhethgend rpaissidﬂlm‘ is e the bebidedasjust

n g
o 003l 15, PAE T SRR g B i
formrafepotsedalhtherraezly @scessary to generate the bubble 12 is to be supplied within

that short time.

Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 of the
printhead (which heater includes the element 10 referred to above), during a lithographic
process, as described in more detail below. As the mask 13 is used to form the heater 14,
the shape of various of its parts correspond to the shape of the element 10. The mask 13
therefore provides a useful reference by which to identify various parts of the heater 14.
The heater 14 has electrodes 15 corresponding to the parts designated 15.34 of the mask 13
and a heater element 10 corresponding to the parts designated 10.34 of the mask. In
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The advantages of the heater elenment 10 being
suspended rather than being enbedded in 20 any solid

woraioenisd2 is di scussed bel ow. Figures 2 and 3PGhaw2aBeo1506

unit cell 1 at two succeSS|veu]ater st ages of
operation of the printhead. It can be seen that the
bubbl e 12 generates further, and hence grows, with the
I t t
I%E Or hg&éagggél %@1@@‘3@%§s%i Sféas fes ls %c? Hfgige Eﬁlﬁerﬂ o ﬁll)\% tl%rough the
elEmgitr 16. '$he Elciti@des 11 Maredudlythickeoiliah ﬂfetel@ﬂermfl Ofsh ¢hat most of the
inertial dynam cs, and the surface te?ﬁ?i 0{1 of the ink .
elgatricappesigignoedg Broyvided by thea dementt d s me phige powprfoesumed in
[
o e b 8 TR0 38 b Pomeltf1, AT o BRARA! hise
redearsadrio inbdvey d| sk-shaped. 30 The increase in pressure
within the chanber 7 not only pushes ink 11 out
through the nozzle 3, but al so pushes sone ink back
WHh Wtleh B 11015 BEatBPRSRIG bR abBVE VR bubbld€ 2! 811§ along the length of
passage 9 is approxi mately 200 t6 300 microns in
thestament, this dubble appsaringpn dhe mssedeythmtl vwwcqfdhgurﬁ A, as four bubble
di.ameter . He ce1L%Efe i§ a..subst ant.i V|s§ous dr ag.
PEOLS, P ffireach pEhe ey B ToDOTE "b&‘PF%i‘if 8%/ 001506
pr edom nant effect of the pressure rise in the chanber
is to force ink out through the nozzle 3 as an
qu ubiai1 2 0ape ganerated, lgalses HICIPARAANIKPSSWS ﬁVlfhﬁﬂé therghamber 7, which
S
1npca§1 W%ggeis%he S];é&ﬁnn& Qﬁ%\%?@ (S)ﬁ @g%@gll (/"tehr&@ tHE h(?gzha?dfhe%m 4 assists
inofisctihg the,dropn1 v it s djéuged, Bk adiioapinifize Iul&t chiagcdosfl andyop misdirection.
ejected is shown during its "necking phase" before
the drop breaks off. At this stage, the bubble 12 has
T Ea R AAABCRE gl Sne ATV MAGARLEN T pRaRId PERARAIMRo that the
pressfulew b erigansratak withie tlzd ¢hambe1F|ongmealr@ of1le élhment 10 and forming of a

I i n f .the bubbl ds the i,nt of
bl £ Seact efisd g baiers S04 i sonamibmine prales.
within the nozzle 3 (fromthe sides 18 of the drop),
and sonme to be drawn from the inlet pass
Thosdieaggesef thoheaterslenast | @ psiag Sumnd@fra&lhet%m keing embedded in
LB ARkl S ATBOREK b, drawn from the hozzle 3
APoY A annurar néck"19 at the base of the drop 16
prlor to |ts breaklng off. 15 The drop 16 requires a

certain anpun mnmentumto overcone surface tenS| on
Figyres @gnd; 3r§h08rta@ pnif gelh} ativosupcesgiye Jate steges of Qpegafqn of the

prifBEd TecAdebn thaP¥hebliFbie b gBRG Ste® FurfnlE aRHRBLSE gldws, with the

resultant advancement of ink 11 through the nozzle 3. The shape of the bubble 12 as it

grows, as shown in Figure 3, is determined by a combination of the inertial dynamics and
the surface tension of the ink 11. The surface tension tends to minimize the surface area of
the bubble 12 so that, by the time a certain amount of liquid has evaporated, the bubble is
essentially disk-shaped.

The increase in pressure within the chamber 7 not only pushes ink 11 out through the
nozzle 3, but also pushes some ink back through the inlet passage 9. However, the inlet
passage 9 is approximately 200 to 300 microns in length, and is only approximately 16

microns in diameter. Hence there is a substantial viscous drag. As a result, the
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the di ameter of the neck 19 reduces thereby reducing
the anount of total surface tension holding the drop,

W@ o00thet102 he noment um of t he d{lop as it is ej er€BEAUNIB/001506

of the nozzle is 20 sufficientto allowthe drop to
break of f. When the drop 16 breaks off, cavitation
forces are caused as reflected by the arrows 20, as

p{etﬁawk; lpggecﬁgg £ lpkegg@s@ﬁé & hE SR AY gIo afa% iAP3G: hrbugh the

o

ere are no €0 aces

néArée ¥ acamejegtedlroplé, padienthanfaciothrapahdinle passageh t he
cavitation can have an 25 effect. Mnufacturing
process Rel evant parts of the manufacturing process of

THeod A ﬁ?ﬁgﬁfew ) tﬁé&g ‘?S'C}Etﬁ%q/‘tnhrﬁ@rg 11 Brerel gllCCéSSlVC Stage of

| nventl on are now descr i er ence to
ol&ra’tmn291 wheh dlne iink grapol GFihgluis beifig cfdotxias i;hs)mhbmmgats “necking

PSP B Gt PROGTPFORS AT Ry i SHEP o DA 4 1 piread) reacted is

maRin@in 8t ah@had tﬁ&?b%rzltt@ 601&5)99%%&&Qh9f}6lﬁ?§15c0%se 17, as reﬂected
2004/ 048102 12 PCT/ 003/ 001506 thereof. This figu

inraprgtdetail i Rigrae Sportion of the printhead correspondi ng
to aunit cell 1. The description of the
manuf acturing process that follows will be in relation

Thécallaghing of tHelbubble 12ltbhardg khel goindof ol s@ PP eaBbPdoRsk ink 11 to be
that the process will be applied to a multitude of

withimibe ezl 3 (Gomfhs By Heofithofropp end soraath hesdrawn from
thg;?ﬂgpﬁaggaﬁe@ Eixﬁa&’&sethé phiaPbferiiibse, tl\l;igst 3¢ ’ﬁ‘}e i 943 ﬁafah% iff this manner

€ nman proce
iscdnatmxh fbinothe nﬁzﬁe Stfanﬂmgdn@hﬁﬁaﬁﬁdck |19at the bagr efals drop 16 prior to
.including the fabrication of CMOS drive transistors
“iﬂ@?bgﬁB in the region 22 in the substrate portion
and the conpl etion of standard CMOS i nterconnect
I ayers 23 and passivation layer 24. Wring 10
Thfndh'o;; dbeadquises alvertadnsimednt ifimeem@Bumite overcame lsqrface tension forces, in

i,ntercon ts t nsi tor and .o r.odriyv
ondPt BRI PIE b0 ST s B0 RS CalleBspugfthe bubble 12,
the Aidn@E 8 UTdhd\Bkckq 9tr9(ﬁ1c89ﬁ1§fe%y rédRg thé AASu Bf BRA sﬁﬂﬁd‘éﬁcgnsmn
in the netallization of the interconnect |ayers 23

heldiagdhe driopkso that the memenfunef thg dfapmnit issjectedioshof the nozzle is
ozzle of the unit cell 1
S@mﬁ??%ggﬁgg%gor%gﬁ Sﬁeﬁpgﬂfgh the substrate portion 21

to the region containing the wiring 25, and corroding
di sposed in the region deS|gnated

th t
Whsn ﬂ%@? b penks afecaiitann e awrgnead;as sefletadry tapmepws 20, as
theBRbHIE AL BlaRELHARS pGAPSH Siifipel 172 RIIRL nBted that there are no solid

surfaces in the vicinity of the point of collapse 17 on which the cavitation can have an

effect.
Manufacturing process

Relevant parts of the manufacturing process of a printhead according to embodiments of the

invention are now described with reference to Figures 6 to 29.

Referring to Figure 6, there is shown a cross-section through a silicon substrate portion 21,

being a portion of a Memjet printhead, at an intermediate stage in the production process
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portion of the passivation layer 24 to formthe

passi vati on recesses 29. 20 Figure 8 shows the stage
w@boopoesdorti on after the etching of the intercPeifiavt2003/001506

| ayers 23, to forman openinty 30. The opening 30 is

to constitute the ink inlet passage to the chanber

that will be formed later in the process 25 Fi gure 10

shao h tiop.afte e etchi
3L Thi bl PEPeEoh B pish e Forkispihidy fa dhit col 1
Thé@dseriptich G¥aBE hﬁnﬁfabt&nh%’pﬁ@eis QRaresliovkak BT bd il rélaon to a unit cell 1,
producti on process, urther hole (indicated by the

aléh%@éét willrhe apprecigtad thadhepropess will beappliedde anultivde of adjacent
ion 21 to join up

u&P?ﬂlstoEWthQ%’fB{%epgﬁl ?ge% sa{ e Iﬁﬁé&l nl et passage to

t he charrber Thus t he hoI e 32 will not have to be

etchdall fromthe other side 30 of the

Figipsd lfeafeéelaﬁf .n&ﬁ PIPCGSEVE ﬁf@m thg mepgfactiting E@ﬁ?ﬁéc%ﬂer the
cCrtiEtion o sthdard RRACRE BbribHfoniih s At 1 FHGAHERSHCMOS
daiveotrahsiskoes (mnlt sh@¢n)be thwgegibn R2din the sabsttate pinftibn 2y, anlighe

R R GO BRSO 16 A RO g4 Wiring

1@1&%@)ﬁh@ﬂ%ﬁ5&ﬁn&' ﬁ@é&%aﬂ%&cbﬂﬁ@&sﬁﬁé trh@EHt O aB@ offRr drive
to |l eave a suitable rgin (indicated by the arrow

cigapjtry (alsogtog Biavgn)i ané (dmlm@r elsmemortehpor@mgm tlee wizzlehe
hole 31 fromthe top of the substrate portion 21, and
the resultant shortened depth of the hole 32, neans

Guhdtrings Reseforiied §i the BrtalieRdon of tRfihitercansect §trs@3 to prevent ink
substanti.al |y higher packln% denS|ty 5 of nozzles ca

11 from Bdusien foveac reig designetedaherrdhe pagde ofthe unit cell 1 will be
RBEAELRR Y ke, blen 2161 B LA AN 0 s an

carhdinghthe GM@S I‘cirBﬁtrS/Idhdpesddhﬂ ﬂtaﬁegloaﬂeagmhtetbm.f orns part

of the structure of the printhead. The resist |ayer 35
is then exposed with certain patterns (as 10

ThERFESEHS Sekr e ddRSH1eR0 1S Gg‘fagpgé\t/’clfogl ep}g%esé & sfs'E{Bf etching a

recesses 36 and a slot 37. 'S

pdrtipmaf thepassivationtizet 24 fooﬁormhbe piseivatiodesesiss 29 t h e
heater elenent to be forned later in the production
process. The slot 37 will provide, later in the

FRRUACESHows tBE sthftCof frodublbh @flerGhe E@ﬁn@%@ﬁi&nﬁé@dobﬁe& layers 23, to
that wil| define part of the chanber 7. 15 Figure

fosmanoreniags0 ag@e OpepRD A tsttp epnsitute thet 1nlé inetnagsage tnthe ghamber
t}.%f‘&; ﬁé’l% §c'§1at e%rﬁ eSSm cron thick layer 3 8 of

er| al’, I'n the present enbodinent, is
of tltanlum nitride.

Figure 10 shows the stage of production after the etching of a hole 31 in the substrate
portion 21 at a position where the nozzle 3 is to be formed. Later in the production process,
a further hole (indicated by the dashed line 32) will be etched from the other side (not
shown) of the substrate portion 21 to join up with the hole 31, to complete the inlet passage
to the chamber. Thus, the hole 32 will not have to be etched all the way from the other side

of the substrate portion 21 to the level of the interconnect layers 23.

If, instead, the hole 32 were to be etched all the way to the interconnect layers 23, then to
avoid the hole 32 being etched so as to destroy the transistors in the region 22, the hole 32
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Figure 14 shows the stage of production after
patterning and etching of the heater layer 38 20 to

w0 oooaosdie2 heat er 14, includi ng the heater el ene@it/ALL003/001506
and el ectrodes 15. Figure 16 ‘Yhows the stage of
production after another sacrificial resist |ayer 39,
about 1 mcron thick, has been added. 25 Fi gure 18

f f .
o RO i A o8, SO Ly
m@tlgﬁpéhdf&d’téd by thiesrrodyEY) fékGtcHihdRatdi@adids! But H&ﬁét&ﬁné 6)5’1%6 hole 31

Is of 0.25 mcron thick titaniumnitride.

ﬁqrg tharion of Hsvesbstratepartien Ré, andyihe reaultast shistened denth eg thglhole 32,
It . .

s Bt oo A BERT ARIRE 1E s a30hf P e ofRing donsiy
ofidolzrdss catthodibe ddhissedhat t erned | ayer does not include a

heater | ayer elenent 10, and in this sense has no

heater functionality. However, this layer of heater

Il t

Fl?%qellsgé‘tvgo g%%gﬁ' \%od'u i eat errf&ili ﬁrJnecﬁicTt 19%995 0Pk sacrificial
resiptehraa beemdeplositsl carthe er . dhislaye 3 5 kf;llstthehMEBl and now forms part

04/048102.14 P 003/.00150¢,. .el ectr ode
éﬁ? SehyP 8?1‘{}’&1’“@%?@ SREY eFSﬁ“b en seﬂws'? QX\{BFS’F@II patterns (as
reffeS@it &l byeiht @edsk VERRASH Fiflre 12 ﬁ)ﬂ%ﬁﬁ&@éﬁ&b@%ﬁ&% si?37] This

he dual” heater enbodinmént illustrated in Figure 38,

provides &6 ﬁheefggmtmrmf cpafipets fa0thel elsstredsa tlé|0iﬁ tt@ lreater ehenat to be

fo?rﬁgci %ﬂ{ gr)ll él?e pi%d{l ?111 El%g?ﬁs?’?% §Pt %gﬁg rov {% ghthe process, for the

fostamis dftble ndvzld gllsu) Bes a8 defiaygdrt ofthé bmsﬁnﬁewer will
constitute the inner surface of the nozzle plate 2 to

be fornmed |l ater, and hence the inner extent of the
2 e 0
FIERASBBRS Bl bl RIBS 82 5 005
mibPori thidkHeyer 38 @i bentetanatguial] which Jindhi pregend pebadintent, ¢S of titanium
printhead. 10 Figure 23 shows the stage of
mﬁl‘gductl on after the roof |ayer 44 has been deposited,
that is, the layer which will constitute the nozzle
plate 2. Instead of being forned from 100 mi cron
FightiedK spowvy tlm' s@efoif pmdut:ﬂtrm aftex phiterpingtaed 2tchingfoditinelgbated layer 38

tohsnbRtheaet 1 gBoating Isdhyfer 6Rnt (1 S5 epakt BT Vapor
deposition (CVD) of silicon nitride formng the |ayer

44, has been partly etched at the position designated
Figgre 19shows thegtags ofprodactinn aften engfhen sagrificiplaesigidayas 3pi ahout 1

mfkﬁoﬁﬂ&hﬁéjst exqu& rt being designated 4.1 Figure 26
shows i -

stage of production after the CVD of silicon
nitride has been et ched al |

Figure 18 shows the stage of production after a second layer 40 of heater material has been
deposited. In a preferred embodiment, this layer 40, like the first heater layer 38, is of 0.25

micron thick titanium nitride.

Figure 19 then shows this second layer 40 of heater material after it has been etched to form
the pattern as shown, indicated by reference numeral 41. In this illustration, this patterned
layer does not include a heater layer element 10, and in this sense has no heater
functionality. However, this layer of heater material does assist in reducing the resistance

of the electrodes 15 of the heater 14 so that, in operation, less energy is consumed by the
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20 the way through at 46, to conplete the formation of
the nozzle rim4 and to formthe nozzle aperture 5,
w@anw4migier the CVD silicon nitride has been rer@/at2@B/001506
the position designated 47 wiere it is not required.
Figure 28 shows the stage of production after a
protective | ayer 48 of resist has been 25 appli ed.

B0 D PSS e BER ) Pl B spcvences
of tHéSHeﬁt%f eleRiefits 110N I fHerdukl lseatt BinBadinidht Huseasd af Fighes, the
800 mcrons to about 200 m crons, and then, as
caresspeiaRboiERT 4Quloveconignathenter ke hol e 32. The hol e 32
is etched to a depth such that it neets the hole 31.
30 Then, the sacrificial resist of each of the resist
Filgm;eez Isshdts tistagédf @mﬂuéﬁon afterracthind &erd, 0§ sacdifie e Fesist, has been
|l asma, to formth re shvvnln Flgure 30, Wi t h
pifed. éséhfdunpsm%‘fwe ? fifﬁtiawa el coriste e 1agrisHEfagepf the
% f i
nsh%&% &ttf) %ga‘é e latEP%niWFErLe ik e %éél? o? | tsn%g @aﬁ&“rure 5, the
heiglrtvod ¢his tayee‘tﬁmusttﬂwesuff&s@m to &lidw fmghd fmemhnmcbreofaalbuiﬂ»le 12 in the

RGPS (hILHIE PREFGICRD (RRTERSn 11 11 gur & 30) .

defi ne a passage extending fromthe | ower side of the
substrate portion 21 to the nozzle 3, this passage

Figared3rehows thergageiof] Iprcidﬂlc@@n p&qéh@r@of @ernle%haS;been deposited, that is,

cha
TR ORI Sl bk ae bR b, donlfld b BB g 100 micron
th@dk podimide filld) @iRchozskPMite 2rs Ehﬁiéﬂ of Silicod hitrid¥g fust 2 microns thick.
print head enbodi nents, having different heater
structures, are shown in Figure 33, Figures 35 and
Fif 7 80 A e 32 RS o el Bl teiicion VD) of
silicort nitradel forinia dm*layeasﬂmm;tﬁeem pai'tlylemhed ati the pbsition déstgnated 45, so

art of the lls and ozzle | ate .2 cu
o et et 01k B i i Side Do RaR SRt ghatadt 1
is not shown cut away, soO that bot h hal ves of the
heater el ement 10 can be seen. 15 In operation, ink
FigureRosthews thwaba@mfmtmiuictim afitdrehe 6&(@5«a°g§eli®n(n§1eide Eagbﬂea etched all

tog yafiopi oo rmaes Tae {matiie e Rod P gRF S 0 the nozzle
afRRES 5,ia8d aftbl the TV liostoHhitrideehad BabErenfivedE the HBsitidilSsignated 47

heat s ‘the el ement 10, as descri bed above in
where it is not required.

Figure 28 shows the stage of production after a protective layer 48 of resist has been
applied. After this stage, the substrate portion 21 is then ground from its other side (not
shown) to reduce the substrate portion from its nominal thickness of about 800 microns to
about 200 microns, and then, as foreshadowed above, to etch the hole 32. The hole 32 is
etched to a depth such that it meets the hole 31.

Then, the sacrificial resist of each of the resist layers 35, 39, 42 and 48, is removed using
oxygen plasma, to form the structure shown in Figure 30, with walls 6 and nozzle plate 2
which together define the chamber 7 (part of the walls and nozzle plate being shown cut-

away). It will be noted that this also serves to remove the resist filling the hole 31 so that
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relation to Figure 1, to forma vapor bubble in the

ink within the chanber 7. 20 The vari ous possible
wG@reowoss1nes for the heater 14, gorre of whi ch aPEr/ab2ues/001506

in Figures 33, 35 and 37, and® 38, can result in there

bei ng many variations in the ratio of length to width

of the heater elenents 10. Such variations (even

. r t he .el may be the ..
RSB S B89 20!k 058 BTN, e T i
fioesths lewesidefof thresubkiedte porsion 2% ta ki doaele st iepRBadeRerving as the
,rg(gl nce between _t he vol tagrgqqand current to achieve a
1 hP3ssiswaTnerlly designgpd fretaithe shsadien’dr i ve el ectronic

conmponents tend to require | ower drive voltages than

earlier versions, with |ower resistances of drive
Whikerihé shave productineprocésnd ustlas erodibeithe einbodinadnt df the@rinthead

30 transistors, for, iven transistaor area, there is
shpvrL actagiss SPo g ek cBthod i BeTipg difeaent e strictures, are
Wﬁﬁgqghgl rBBGRs B : rafion. WO
; 2004/ 04 10278’16 PC%/ %@%g@/a%g%%gés %ﬁ%}g{r? 36, referred

to above, shows the shape, in plan view, of a mask for
orm'lp(gftt}é: heater.structure of the enbodi nent of the

C}Kﬂﬁt’r’ﬁ CaUcdEineléctiofur e 35. Accordingly, as Figure

36 represents the shape of the heater elenent 10 of

that enbodinent, it is now referred to in discussing

Refeaing@ate egaia keRigote 3(thd wigt cfler towdNas @uiitiRl abb@\s shown with
veé{' c%ily into 5 the el ectrodes 15 (represented b%@

Peth %\s s §ead gazalenlates? aiawayowhighievenls thaanicsior of thewwhamber 7.

TR Béuterls it R&: sﬁb@rﬁtcﬁpéjﬁ%% 5§ tH'a?i)&fl 'h\a’tﬁfle%’ of @k gg%cfzf’@.érﬁght 10%an be

turn, results 1n there being a Iow el ectri

sgensi st ance. By contrast, the el enent 10, represented

in figure 36 by the part designated 10.36, is |long

and thin, with the width of the elenment in this

InespRedioR Bk 109atds b A8 inkdRLkt hh8addY GKOPHAr BRI th

0.25 m crons?J 10 It V\iﬂ{l be notiéd 2tI%at(St he@gatgr 14 ©
chawbgn7i Ahen gueltageds pplied agiognthe icleatrodep 15rta lebteblishl achem bf electric

t el enent S in Figure , and ha .
citthor 0O n S S Tt Y02 T8 den 5 A6 D) affier iy sppve n
refti@une FakireM ,|tb 618y € vaporbabblt @ee it @ahini tBéthamber 7.
resistance, and will permt a higher current flow,

than the element 10 of Figure 35. It therefore
AR BN L U 5 o e g
39md 3k and B&rcahaesilt in Herebdinginary vartdtionsin the katidesf 1ength to width
ofhtﬁg Leee{terle?ent.]éarl\{si {](9 Stu\clz\ﬁ variations (even though the surface area of the elements 10
may be the same) may have significant effects on the electrical resistance of the elements,
and therefore on the balance between the voltage and current to achieve a certain power of

the element.

Modern drive electronic components tend to require lower drive voltages than earlier
versions, with lower resistances of drive transistors in their “on” state. Thus, in such drive
transistors, for a given transistor area, there is a tendency to higher current capability and

lower voltage tolerance in each process generation.
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heater elements 10.1 and 10.2 corresponding to the
sane unit cell 1. One of these elenents 10.2 is twce
wo b@4oasidh as the ot her el ene 10.1, with a PCT/AU2003/001506
correspondingly |arger surface 20 area. The various
paths of the [ower elenent 10.2 are 2 mcrons in
wi dth, while those of the wupper elenent 10.1 are 1

t T r I e
Flghl% r@gréf&é@btg aB%ve Fﬂoivo Weér tlﬂg ls@dﬁgh?l@%[%%{wg&'@ ﬁaélﬂtﬁﬁ Tcg}mﬁﬁ‘gﬁhe
heapep Istredmia)ofﬂ[EGermWeﬁl of isnprintleall showa igFigare 3. iAceordingly, as
vol t age and | se dur ti.on. Tis er 1ts a regul ating
Fighre, i caiesats e 5haperof PRLekbasmbgingsisie how
re!feﬁ‘f%d% ﬁpdlgdzd%gﬂhg thafl H@atéro%&{]@nt b %ﬁhg% et%@oﬁ%ﬁﬂgﬁt%&s%hlcaﬂy into
e energy appfied to the Ink B upper el enen
thé (Blei:tro@sX,S (relpre.&ﬁlhtled bg thampﬂs demgnadeeﬂ Ifhﬁ), $d1ﬂaa‘eile cgyent flow area

B8 lgfifodl i el TiraS R an Bt 35 Bk Pt & irca

re'sﬁ%'tang BPeint@st, Hﬁ%l&ﬁ@ﬁ qW, _pRbdrest M"f@ﬂre 3'@!) ¥ thRpart des1gnated
el ement ‘i s operational, is zero. Thus, in effec

1036, 4s Iongiend Sinewittotheoridthog tisoelpmenttin @hlmmhoqhn@nblmng 1 micron
048102 17 PCT/ AU2003/ 001506 As the
axglgé gﬁ‘?]élg%svgg Qﬂ Hg?rﬁy out put may not be achi eved
exactly in practice, sone "fine tuning” of the exact
si.zing of the elenents 10.1 and 10.2, or of the drive

It il bg geted tins hedeater 4 shovin jsked hapayigpifisaaty pnalier elment 10
1
thzh (8 Lo 18 sl B ple ) ol s RSB IBR s Atontly,the

eleinent! IOvefiFigire ﬁ& mtill h@ve?a mlibh owes ebou‘ichhtesﬂsﬂaﬁd:er and will permit a

ectrode 15 ar t co ent,
sﬁ%réagﬁla JosiriBe elesient L& gf;% rg38- 3?#19@&&? Feqites a lower drive
val@gt W @e‘hv@f‘@' Y &Mr8@RSth he @ 14 i 4! %?]’{;enQHHQd' ments 10

D scussed bel'ow, under appropri ate headi ngs, are
certain specific features of enbodi ments of the

g POt g Ofhst Bind R R ooV RihidER o R 14 ving two

hdab® efbhntsngs] ReY 12 BbidpbRihE D BE SRS tnit BAENT DAV of these elements
unl ess the context specifically excludes certain

1Q42 indivtiepsthe aidfh g ther atberrelenaand 4 8. 1 wihiasggespoadinglydaigeysurface
fer.r (t.h r.efe

ar{ea? ’l%e v(eigous]éatﬁs 0&‘ t é;l%%ﬁg %ﬁgﬁ?‘%{% g%:% ﬁicr;%xshlg a{@{h, (1S Bhose of the

ules HlEﬂfentlID.l 8rei Inmidaén fnowidtto Thus the energy applied to ink in the chamber 7

by the lower element 10.2 is twice that applied by the upper element 10.1 at a given drive

voltage and pulse duration. This permits a regulating of the size of vapor bubbles and

hence of the size of ink drop ejected due to the bubbles.

Assuming that the energy applied to the ink by the upper element 10.1 is X, it will be
appreciated that the energy applied by the lower element 10.2 is about 2X, and the energy
applied by the two elements together is about 3X. Of course, the energy applied when
neither element is operational, is zero. Thus, in effect, two bits of information can be

printed with the one nozzle 3.
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20 a suspended beam and this is suspended over at
| east a portion (designated 11.1) of the ink 11

W@ baoblossaof orm ng 1iquid). The ﬁl enment 10 i s copEi/guema/001506
in this way rather than form'ng part of, or being
enbedded in, a substrate as is the case in existing
pri nt head systens nade by various manufacturers such

Aszfzxﬁ ove éetglP gﬁ’léﬁérgx g%g\?ﬁx?}@ggtf e%ég%’é/gd %xatl%\z npractlce some “fine

tuﬁﬁ’@’odﬂ’ﬁl'eeia&:t oiinghe thy €eaits 10\Yand 1012, anef thdiéripy vollagéstkiat are
jet 25 technol ogies, The main advant age of this

aPPb%ﬁ@rthemsmFY}h?reﬁuﬁ?‘bher efficiency can be achi eved by
avoi di ng the unnecessary heating of the solid
material that surrounds the heater elenments 10 (for

It emamtpd) Be hoted deit tie uméxeerlémbntflﬁrlms nefatietl ghrotghniBo® aballltlasvertical axis

and s rrou he as e, 30 |ch ta

relah&%@ th ot GBE“F%‘? 142, T’a{w at thed el?@gm?%gl gFe g%f&ﬂmdent
IRWih Rl cofRERoRN Y se a%tcrﬂd%h@ it0 the formation
aogjl 3@?‘; bubblcgs 12O soS Phat t he he%ltl ng of such

mat er i aI i nvol ves the wastage of energy. The only
energy jch contributes jn an g i ficant sense WO
Foetyary K‘U’WFW geod qﬂg"ﬁﬁ”ésgener ation of
the bubbles 12 is that which |s applled directly into

the liquid which is to be heated, which liquid is

Disypksebbdlyw ] iirler prdpriatd Readidgs, pireé@faﬁxegbeeifhcfdétmem bf efAbodiments
illustrated in Figure 1, the heater errent 10 is
éﬁ%@é{ﬁlﬁm, amgl \hietaﬁYfﬁmt&?e Of Wﬁselffat{l{?ébg & I9agHes & § to be considered in

re{fih?fé' 'tclfjill oftle Eagt?mésﬁeﬁa ﬂn%‘ﬂe ghégxr l§:| RGO EuALE RN ntext

ustr gure 41. In anot
sppcifisalhyl cetchldbmcﬁrtmndrawags; dndusliateat@thosdiaimings espekﬂﬁcally Inderred
heater elenent 10 beamis suspended at the surface of
0thelnk(bubbleformnghqwd) 11, so that this
liquid is only below the el enent rather than

surrounding it, and there is air on the upper side of

SmeEEQQEEn%gﬂ@he embodi ment described in relation to
Figure 41 is 10 preferred as the bubble 12 will form
all around the elenment 10 unlike in the enbodi nent

Wi Sefelddeslt Fighl 12hhd4s thentfongd bisovZthethester élb@ettulots e the form of
wll only form bel ow the el ement. Thus the enmbodi me

a gisperidgd peara,jandghis |1s<e189ertdsd YA Ipasta nestien (esigagtedhi 1. 1) of the ink
I
10RRERE BipEfigbRT o QB 194 SHTREHATR o whl dbher thap forming
paiﬁofpeiﬂjﬁlmgSetﬁlemdgdl irgd solbﬂtwm iothe casedia earsting prifithes] stems made
its. o osi e Sside, t t _constitut
DU g%v aclEFEs BB ﬁeaﬁetﬁ fﬁ@kawdp Rememand s emak¢ Thip gorstitutes a
s1gxf1ﬁ§z§1@ Hiﬂeréﬂ&g %@tv&é@ﬁ %hl@@&lﬁ{e‘n%rbf'tﬁe biegdnt IRt the prior ink jet

enment I's configured such
technologies.

The main advantage of this feature is that a higher efficiency can be achieved by avoiding
the unnecessary heating of the solid material that surrounds the heater elements 10 (for
example the solid material forming the chamber walls 6, and surrounding the inlet passage
9) which takes place in the prior art devices. The heating of such solid material does not
contribute to the formation of vapor bubbles 12, so that the heating of such material

involves the wastage of energy. The only energy which contributes in any significant sense
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that an energy of |ess than 500 nanojoules (nJ) is

required to be applied to the elenent to heat it
wa@dotiogsient |y to forma bubble 12 in the ink 1RCT/8023/001506

to eject a drop 16 of ink thriugh a nozzle 3. In one

preferred enbodi nent, the required energy is |ess that

300 nJ, while in a further enbodinent, the energy is

S n 1 J 5.0t will..be.appr.eci.ated . se g
togfi BrrhiTon OF s Mp S ahts Bt v PR BTyl R whin i
tolbeQi¢hted, wivieh lighidis §hRhnytesnk 01.heat the el enent
sufficiently to generate a vapor bubble 12 to eject an
ink drop 16. Thus, the energy requirenents of the

. I, I I :
Int ngi’?{i%%%d’%ﬁ@idﬁ%\%@% 1%1?1%&%&:{% FI?IIIF qa@lgthé#gleel#?%ﬁlo ol\SN%I%spended
withiartyinkdngbuiile ﬁﬂm&l’tg 1@(}‘\6d)3§b thavebis lﬂp@d aiﬂdmgdsiﬁﬁte&,ment This is
smal | er power_ suppl i nd so_an,

fogihar MEFa 1p RigHPBA. Fodno Pﬂ%s#éaan%%maeﬁ@ as Hlustgigd in Figure 42,
thQ 'hgzﬁ@xr clR8R 110 REm S s&@%ﬁfg% 1?18 2%1?%05%% éﬁ@ iR (Yol foBlirdliquid)

hi gher resol utions
1 1PET thauR0B4id 6@y balhwshke eldmmﬂtra@estlnﬁ stnaundiresigahd there is air

%ﬁgﬁgf)&%ﬂi&a{ E]Eﬁeé eCI al,[lé]% g[.ptbgm f gd 1%grglgt1cl)rwtaorglgure 41 is
prefeBdE 85 MRDubBRNSilIubAn bl GrotiBil Me é}@ﬁéﬂtn@ uﬂﬁﬁ@ f1th8 BnBbdiment
the printhead, as described further bel ow.

degeritfeddn s¢latinn tofHigurh 42 wrhieret the hubbiengll ﬁelatfmbdetth@element Thus
o YRR SERUL R, & R Frof il 23R obfiafor'cc

drop 16 of ink 11 is renoved fromthe printhead by a
conblnatlon of the heat renoved by the ejected drop
Ay cagherseem iy fqriexample, FHBECFETEIOdHENRY 30 i3 hdhe heater clement 10

B SR AP 3 ARy o s

cantilebebe outwards fromthe printhead, to provide for
automatic cooling. Under these circunstances, the
pri nt head does not require any other cooling systens.

EfRidhBeof 1K pRh@Rad 6 €] ected and the anount of ink 11
drawn 1nto the printhead to replace the 15 ejected

drop are constituted by the same type of Iqu|d and

| t h
THY Setruf R RTonlig s P @%ﬁ?@%{ elsaenfig i gonfigured such
th@t bt dhero9THE 1648 iihn J00@and Bﬁegw Sﬂnﬂaﬁ tb Bs apisiRidith theQfiement to

the el ement 10, and on the ot and, the net renoval

hegt it spifigiendy & foymeaabbleck?inttke mkdrh %] asdpiefegt 2 Hiopi 1giof ink through
o HER B pG S  B SERLASRIROL Ay St

fuither entidiraedyj B energy is less than 120 nJ.

It will be appreciated by those skilled in the art that prior art devices generally require over
5 microjoules to heat the element sufficiently to generate a vapor bubble 12 to eject an ink
drop 16. Thus, the energy requirements of the present invention are an order of magnitude
lower than that of known thermal ink jet systems. This lower energy consumption allows
lower operating costs, smaller power supplies, and so on, but also dramatically simplifies
printhead cooling, allows higher densities of nozzles 3, and permits printing at higher

resolutions.
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20 tenperature, the change in energy due to net
nmovenent of the ejected and replacenent quantities of
w0 pdo4peg10zonveni ently be expr eigzed as the heatP¢Trar2003/001506
woul d be required to raise tenperature of the
ejected drop 16, if it were at anbient tenperature, to
the actual tenperature of the drop as it is ejected.
I ' t e atlon .
ThRe plvddes BEUBRRGSR iBldioh IR fu BN AN A R o hoggments where
ﬂxedmﬁvidualtt gectéchiak drdps a6} thbmﬁﬂeésabwsﬁmté thetroéRERE inechanism of
case tenperature that is taken to be the anbi ent
ﬂ‘Fé’FFEg’reﬁ Lﬁséie?@?‘ﬁﬁgnfhéﬁ%@%{ture at which ink 11 enters
the printhead from the ink storage reservoir (not
shown) which is connected, in fluid flow
Sdéumelmigaithoprinthead t he i nl et passages 9 of the
printhead. Typically the anbient tenperature will be
the room 30 anbient tenperature, which is usually
ThiQ Y&HMhr¥ of @neCiﬁGérﬁ%‘l%ﬁ pﬁvﬁ&% |tl§dt lt'l%) ene}'ﬁ"%ﬁéd tdh {'Eea?é?meﬁ{gnt 10 to form
t enper at ure may | ess, for exanple, the room
a e drbhlande spgs tq ezmé:a dragy 16 ¢of ink d l iimienioveé fiver tha grinthead by a

B PABR0 B VRl B e b PR aSE st it it o the

piditheddfesd thesing eesle%ﬁctnmha@h) EVIR ROUTPbEthE i§ Bat tHeQRt “HEvement”
where the out g@l ng heat energy due to the net

é?@%i‘ftﬂ B outwardsificen B paintheadip 2 for agfomatic coddingofUnder these
he heat
cifielhols fE BBingd S PEaLRIR I EHIRR SRR The o

ink 11 is the bubble form ng I|qU|d and is water
ed, .thus having a boiling _pqint of approxinmately
Ai%@ glés ALY %ect%iﬁad@ the prReun of ﬂrﬁﬁﬁl dr@@ﬁﬁ@@éhwmh@adzte replace the
Q&&{&% afe cdridffhtdd
91990 DN ek BB AU S PSR o o s
messnibey eanyewienirtd etqnass the nethnovmmnnuﬁeﬂe@ypasr ot theene hawd, the

el o B R B B BEE B B i Seova o

hdaOthiesy theRsalts ftdrejebling the knkirep 146 '
are vgeyry cl (S)ses to tlr?e %gm l'ing pgl nt ng#t}%?hgaﬁ?%lf(ﬁ%{@acement

quandtyi ofiinla 1. hesueniag thatithe replacsmest auautity oftinled ] is at ambient

te&@&%ﬁ% JH% g%a\f’%% inaér{eg%ﬁdue%cté\évg (e}ﬁ%‘%%liei 8P %xﬁtgsegt Eirﬁ)gacement

queatities ofiihlk bart &tﬂhvbtﬁbﬁtlyﬂﬁﬁ@resﬁﬂchstﬂi@h@fc fHaBwould be required to raise
undesi r abl e, on of  vapor bubbles 12.

hﬂ&f‘@a?ea?fﬂa thf‘aeJE“rte‘i dopd§, i€ HoBIE Abambisnt temperafuredo thepetual
eﬁﬁﬂ%bgﬁ%%fﬁqplsteg%iedco"p! ete self-cooling, as

scri bed abo achi eved when the nmaxi num
tenperature of the ink 11 (bubble formng liquid) in a

It will be appreciated that a determination of whether the above criteria are met depends on
what constitutes the ambient temperature. In the present case, the temperature that is taken
to be the ambient temperature is the temperature at which ink 11 enters the printhead from
the ink storage reservoir (not shown) which is connected, in fluid flow communication, to
the inlet passages 9 of the printhead. Typically the ambient temperature will be the room
ambient temperature, which is usually roughly 20 degrees C (Celsius).

However, the ambient temperature may be less, if for example, the room temperature is

lower, or if the ink 11 entering the printhead is refrigerated.
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particul ar nozzle chanber 7 is 10 degrees C below its
boi i ng point when the heating 20 elenent 10 is not
W@eiies10he mai n advantage of the feature preBENAU003/001506
under discussion, and its varfbus enbodi ments, s
that it allows for a hi gh nozzl e density and for a
hi gh speed of printhead operation wthout requiring
el aborat e cooling nethods for preventing undesired
boiling in nozzles 3 25 adjacent to nozzles from which
Ini dile pRléfofred diibedimehs tirgpriitiant efdesidnes teadhicvelcomiphsie $BICEboling
as a hundred-fold increase in nozzle packing density
(ienwherpdis eptaving Reat engray dpe toibp net gfteat efrthe cjegid apdyeeplacement

oSSR QLU 513, T QB9 BOh LSRG 1,

i nvention reI ates to the density, by area, of the
nozzles 3 qn the . printhea h_ reference
BY Way ok em@eésa% that thfsmlgﬁl iipihe bubble formung quléﬁad isgater
|t
B R S e e
tegpeRQTE AUPDOD GO 15 Giten thare és zsmaxinﬂum af b§ degrbes Gifrenl the ambient

R b S SR oSt

th freihfieh® o RaraAgirsa nt the areal density exceeds 20, 000
nozzl es 3 per square cmof 5 surface 50 area, while

in another preferred enbodlnent the areal density

It ?g(c?%ﬁr e 00 rgg&) ga\ﬁe% fnh(ecérﬁée Al éeasI etlgpqtlgeraggotg%than at time of

1nl€t<?ﬂ2<i’ﬂ B6 ejdctidnd fvhsehuae eerfylﬂosmme%ﬂﬁfgf poirgt of ehel iAR 18r BRthe ink 11
each nozzle 3 is taken to include the

densit
Wefieiay éw%a 3 tegpetefire,shedierpeisbie variations befeegp partseof thppripthead
st i sotlﬁl&'egﬁh%?femg El%cﬁfeq;o ﬂorngcn%tﬁtﬂ?é’um?teﬁégdf Ind therefore

regi ster, e an regenerati
urgiesicabile, rfqm(atlbn of gapor bubblygs it Abmrﬂgg@p&preﬁ'erﬂ&l dmbodiment of the
.identifie th refere ce t ure ich a
ingFiitngs fiiHoesd fuch it Sl sefhsgo i ran drsHBCD o Rettnde
adhitved Gabh t}@rﬁaﬁﬂﬁmeﬁeeﬁ%@ ef{?h% lﬂtt ¢ ?dlr%blerfoﬁhﬂ% iqR) cta

mcrons in |ength. The nozzle he next
pm@dmzvle Ch@mb@ﬂ nd@degrsey deeloa\hms/\br)ﬂingmm'dt whel the heating
eﬂ&‘?’ ;\@oses | S nozzle, so that, as a result of the

lt’?Te out er periphery of the printhead
chip, there are 48,828 nozzles 3 per square cm This

s apout 85 times the nozzle areal density of a
Theppingadvantage of the feature presently under discussion, and its various embodiments,

is that it allows for a high nozzle density and for a high speed of printhead operation
without requiring elaborate cooling methods for preventing undesired boiling in nozzles 3
adjacent to nozzles from which ink drops 16 are being ejected. This can allow as much as a
hundred-fold increase in nozzle packing density than would be the case if such a feature,

and the temperature criteria mentioned, were not present.

Areal density of nozzles

This feature of the invention relates to the density, by area, of the nozzles 3 on the
printhead. With reference to Figure 1, the nozzle plate 2 has an upper surface 50, and the

present aspect of the invention relates to the packing density of nozzles 3 on that surface.
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thermal ink jet printhead, and roughly 400 tines the

nozzl e areal density of a piezoelectric 20 printhead.
wab@4mes1m2 advant age of a high greal density i SPCDAU2003/001506

manuf acturing cost, as the devices are batch

fabricated on silicon wafers of a particular size. 25

The nore nozzles 3 that can be accommpdated in a

r S I

MpEBEAZEILE InHOTHERHS oS ERIPNEE s SR SRR B 1000
mﬁ&k@panmaﬁekmnGM@wﬁesmeaof manuf acturi ng a CMOS pl us

MEMS wafer of the type used in the printhead of the

present invention is, to a sone extent, independent of

e

I RO o LACHRS Bl B BT OFbics 3 pe s m of
surfata$0 seh yw]lnberlgetnmhﬂbla‘efeufed reobptimsens tBé)axeairdebaty exceeds 40,000

57 R AR LG REE SFIBR PR, BRI Bl 48 A gorzles 3

perBg@réases where the nozzles had a |ower area
denS|ty The cost is directly proportional to the
ar ea taken by the nozzI es 3. WD 2004/048102 22

U200 bee for . ON, oNn,_QPROsi te .si des
F FAIErOR T O SRS RGOS o Ferab oo RO E gt Rouitry
cdrRepdidaleetd tHeédndBlel GRfdh@ahsists SPpicIat, ofh eAvatrsMidbea dEift register,
forms in the ink 11aé1bubble orming liquid), it forms
angnablgtgatesindctockreganar eapeeuleyéth@rﬂircmm ot beiag spegifiGally
“%#Fﬁga nMs so as to surround the heater el enment 10 where
ement is in the formof a suspended beam The
formation of a bubble 12 on both sides of the heater

eIe nt 10 as opposed.to on one only, can be,
Withdertngsip Gieer ‘g’éﬁé‘f %%Slfleleangaﬁféé Tndhozi gl imepsignseot the
utfﬁ! Sediltar® otwtlﬁa?s%e;r% b 1ntvxrig1h B4 1h Ghi %rﬁ'ﬁ?mn # T nozzle 3 of

a apted or th e 12 to only o one
the nebe sasgessivdirdveof rroztzhe (o shmdn)afnrmddwdyﬁm}gapoeei thishezzle, so that,

el e ted adapted f.or the bubble_ .12 to be 0
asghERLy 1S SRR SRR ol PRty G HenrBimEd chpREorasly 48,828
nd21eEB Pef a;&fe crhNBhisagt BHdinek BR Mﬁelaeeail &Jsﬁ% OB a Bpical

only one 15 side of the heater elenment 10 is because .
theteal énlejebprintheade aserguglely i4Q0 dimeas ithe nozele 5] dewsityloie piezoelectric

ggamgubble cannot be fornmed on the particul ar side
PIeo Fesponding to the substrate. By contrast, the
bubbl e 12 can formon both sides in the configuration
of Figure 46 as the heater elenent 10 here is

The mpisrduentagerierhigherealddeprisy is low snanufcriing castedt the deyiges are
bdth faBfcd R Qlicdh wHRREIISARER/IPsAR, descri bed

The more nozzles 3 that can be accommodated in a square cm of substrate, the more
nozzles can be fabricated in a single batch, which typically consists of one wafer. The cost
of manufacturing a CMOS plus MEMS wafer of the type used in the printhead of the
present invention is, to a some extent, independent of the nature of patterns that are formed
on it. Therefore if the patterns are relatively small, a relatively large number of nozzles 3
can be included. This allows more nozzles 3 and more printheads to be manufactured for
the same cost than in a cases where the nozzles had a lower areal density. The cost is

directly proportional to the area taken by the nozzles 3.
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above in relation to Figure 1, the bubble 12 is

allowed to formso as to surround the suspended beam
we@b@west102 The advant age of the bubble 12 for m PQI/an2003/001506

both sides is the higher effi4 ency that is 25

achievable. This is due to a reduction in heat that is

wasted in heating solid materials in the vicinity of

Btlgﬁ gonat or eI 8{)rent 13 @i CE dp noE contribute to
O illustrated in

Fi gure 45, mhere the arrows 52 indicate the nnvenents
of heat into the solid substrate 51. The anobun

Apeogding e therpgesenfcfeattss thedieates 14 eﬁa@@ﬁa@reé Y thaéwtma hﬁbble 12 forms

L |

1nctﬁ%1ﬂ'§£?lvle PEMF E&rﬁ%@@ﬁ@ gt féﬁ‘&%&ﬁ %ﬁﬁ 8%&319%@11 erlg{ﬂgnt 10.
Pletastly, if\forink 8o aditer smi’ﬁbuﬁcbflﬂlhéhﬂem:IEMeﬂfl()\mlt@é theslement is in the

relatively low, nore than half of the heat can be
ﬁ%%ﬁ%@ﬁéﬁxﬁée R hsor bed by the substrate 51 rat her

than by the ink 11. W) 2004/048102 23

PCT/ AU2003/ 001506 Prevention of cavitation As
Thiefematiedohioubdle X d)reboth stileb bf the h2atbiadetherd ] Ofas oppaked o on one

. r.int head gccor an epgbodinent .of th esent

s Bl S e SERESRADBIE eireiap eBetnds dud 36, b e Batt of these

ﬁ%\ﬁ'lai RS Roatef elen@nﬁ?@f%ra‘ahﬂgd F& tﬁ@@uﬁb@’e’ii ﬂfo%e%ﬁﬁ&f‘éﬂly on one side as,
addressed, the heater elenents 10 are configured

whide fmthmsmed ofithebefigures, e elerenttihadapted fosthe bubhle 12 pe be formed
ich the bubbles collapse, are at
Olb%OthS% gggg‘g%d fromthe heater elenents. Preferably,
the printhead is configured so that there is no solid
materj al at such ﬁ)m nts of collapse 17.

IncpsAnfiguratian sedi adhas of Higusr 4 tnieasen; thatgslaq @%bbéq {2 forths on only one
s1§§§fé l?{? !heét&l%l&rﬁérbtﬂ?\éé ﬁ%ﬁuse' the El%fn% ¥ eﬁ%v%&ﬂ%q{i 3@ubsél‘8te %1 so that

I'ng to |napre erre
thhdablde catrenba femta oartie pamédlw@boh@spdmdm tpalid subStdate. By

caiFefioftin R BB GSTLon s Sin 1 ERTAFLETOR s dpauthe

héazerte{énygﬁlt 6 hilass Qgg _collapse are Iocat ed at such
gaps. The advanta of this feature is that it

substanti al | y avoi ds cavitation damage to the heater

d, ot h lid ial. | t
OF Boidr WR Tychealy et o, Rn 1 A1Rh B Fysoedbebyinat g5ctbea
abdve iR tn t6 |F@gli?éll tAObishle EPREMMEMd td fRmSERS td axrﬁ)u%a the

with an insulating | ayer 56 over the el enent, and
syspesided brara elemepbr 57 over the insul ating |ayer. V\hen a

bubble 12 is formed by the elenent 10, it is 20 forned

on top of the element. Wien the bubbl'e 12 col | apses,
Thsadanage bfthe bablle 12Wenhife on both sides is the higher efficiency that is

achievable. This is due to a reduction in heat that is wasted in heating solid materials in the

vicinity of the heater element 10, which do not contribute to formation of a bubble 12. This
is illustrated in Figure 45, where the arrows 52 indicate the movements of heat into the
solid substrate 51. The amount of heat lost to the substrate 51 depends on the thermal
conductivity of the solid materials of the substrate relative to that of the ink 11, which may
be water based. As the thermal conductivity of water is relatively low, more than half of

the heat can be expected to be absorbed by the substrate 51 rather than by the ink 11.
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all of the energy of the bubble collapse is focussed

onto a very small point of collapse 17. |If the
wee@teetidye | ayer 57 were absent, then the nmech@nAv2103/001506

forces due to the cavitation #hat would result from

the focussing of this energy to the point of collapse

could chip away or erode the heater el enent 10.
r s prevented by the protective |ayer 57.

3§§Q%ﬁ§°f&¢“£m§ ch a protective layer 57 is of

tantalum which oxidizes to forma very hard |ayer of

t ant al um pent oxi de {,T 20B). Al though no known
Agdesripgd abavgmatiey |a|b},l bled2dwes bera fomngdsarasristhesd apeoading to an

erhf)o&lﬂﬁntt 9{)&5@1}?% o8 B{edcohg S%P o%’a‘f&is e?%}{t &uc%ll pse 17.
ation eﬁ OXI I on %n agal noccur at
Attmrdingde tHe)featgretmmmlja being hddressed) teshdacer 3bnentseld) dry edmﬁ gured

a t al um pent, oxi gh the
(o} (3R 4R RIS ot P RS ALcalLapie B daatich fhedyplles collapse,
t
o PO LR RenT e Tebter UBHohiS! PRIS AT he blioBR i configured so
tltahdmere 1s no edlicmnterivi(at 20¢p a8 0O 2ol s/ LRI @@aly@ﬁiﬁ@ﬁ)n being a

lrtu the who otec ve | ayer 57 aving a
bl R i i i) et o8 e th iR et0) st
be heat ed in order to transfer the required energy

into the ink 11, to heat it so as to forma bubble
Ri@mﬂgﬂf@ iguay 88, 187 priefsrred pmbodimints &@Ihenfﬁs elentgrts 16 ateheonfigured to

B Wi R el Pl B AP, o€ By povtes 12

stthdtOlhs pbiﬁts&ﬂcﬁllti;ﬁase td hiichrihe/Biibbdds dotagse\e bated at such gaps. The
equi red at_ the |evel designated 59 to raise the

C{Véﬂﬁﬁg? gt thysdfeatiireip that hsubstyiially axqidyicayifation darpagsrie the heater

el %ﬁtstlb%hdlatﬁeﬂs"ohd éteﬁ% also results in a substanti al
ermal loss to take place in the directions indicated

by the arrows 61. These di sadvantage woul d not be

f the heater, el ement 10 was_ner el por t
a@ﬂ%ﬂtﬁ%é& syHam A Shewr shisnatiedlygy Fignse ﬁs?’ 63%@?#% ement 10 is
eﬂf@éﬂ%@d f'a subBtrA6 39T With on tRulafBg f5aL 34 @vep Elfese?&ﬁérﬁ dflﬁdaeﬂrotectlve

di scussion, the need for a protéctive |ayer 57,
lamersi?rqmeﬂle anoleginglayeny Bihgad bbbblgel Aés Brinad by thvc dwb@it é 0 itis

hat col | a trated in r
ek Palbeshd bR R Py pERuts 17 G phapeiinty g atows 55,

alB@f ﬂhd efi@pof b bubtle coMipRe isBEdsk6dbid h el foe!o? cbﬁapse 17.

the gap .54 between parts 53 of the heater el enent .
If fhe prRisetive layers 7 iugre pysenth éhenrthe mechaniga] forges dupiasthe cawtatlon that
wht%’lag%%uglrﬁ({nﬁ ﬁ‘{e%cﬁsgmg %k?gﬂrlg d&g&ﬁ{g?féé ;g&)n% cﬁft J?)ﬁ?ﬁ clt%s Qodltld chip away
orcavde the hemter eldmpertt @ 0P Eloatenere thig 1stph@vemed ity thd profictiepRger 57.

17

Typically, such a protective layer 57 is of tantalum, which oxidizes to form a very hard
layer of tantalum pentoxide (Ta,0Os). Although no known materials can fully resist the
effects of cavitation, if the tantalum pentoxide should be chipped away due to the
cavitation, then oxidation will again occur at the underlying tantalum metal, so as to

effectively repair the tantalum pentoxide layer.

Although the tantalum pentoxide functions relatively well in this regard in known thermal

ink jet systems, it has certain disadvantages. One significant disadvantage is that, in effect,
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may reach many thousands of degrees C, as is

denonstrated by the phenonenon of sonol um nesence.
wahdiog/o¥siht break down the ink conponents at thedT/AGR008/001506

However, the volume of extre¥fk temperature at the

poi nt of collapse 17 is so small that the destruction

of 20 ink conponents in this volume is not

sl R PGPS 7 B oG B et i e eRrence

mﬁrhétfaES 9)Snuik® bs Bt mir@érlt@ krafis¥et the r&lﬁﬁe@m@gwﬁtme ink 11, to heat
heater el enments 10 correspondi n% to that resent ed

itl5g ag tefopmmtbubbled . dhislaeerpddws 8 h«i:rmatmgs,ﬁ e3a theery high
oSRALEUaf SHERSPAGH, 4R 53 BUTHERE s O RO, Notonty

dW?‘thlS 1ﬁdﬂ®se t}elmnmnt Gf l’(tﬁﬁiivﬁﬁ:h 1§ féQui@étbziﬂtl@e lfeOdélﬂﬁs@hﬂBdl 89 to raise
enment (as indicate dashed | i ne and

n
th@ﬁ@ﬁpgﬁ'awsat%e kﬁ%hdeﬂ%@%é@ S‘gﬁcﬁé‘ﬂh@ hpt tha ik lalr e 2l results
U nRAERSTD (B R IR ARET ) ARG 1.
Thm disatieantagerwduid ng befprésentif wietheateh elemamo]ro WhIﬂhelfel}r gwpported on
bub The bubble 12 js .t bstantlally

a&']“ qyegﬂgﬁf@anotggvgmg%y%%e REgtertiys h]é erSt he col | apse is

directed so as to mnimze the surface tension

surroundi ng the bubble 12. This involves the bubble
Agpraging rﬁ@ﬂlerfgatu@\mﬁ:sstetl}aumbh discealonsthapeeddr hprotectiviedayer 57, as

R L RNTR) T NI T SRR M T I

Fi2urd (3T {82003 S10.5QB 1 1afkRi 1Mt kwihidhtBere @Oh &1 mAtBgalngld@nore
63 at the center of the heater el enent 10, where there

pargcygrly gfapredh%t%hﬁ 89D S4TPRéwRempaTs 58| Memheate element 10. As there is
mﬁ&g}ar e plt&? con %ﬁ?‘%‘é&’f@’} gog%ubtg\ﬁ)e EAYY mér %\@P? igglolr{la}tenal that
cani Hererdded H&td)lby the gﬁ“a&s af ¢avgaﬁm | Tieh teaperdtuy attthe psiasbsdllapse 17
line 66, a the |nt of collapse to mhlch t he bubbl e
may Feagh 88aY Hausd s B fementsi-@s isdomonsiaied b fheqhopgmengs of
scﬁﬂoﬁfﬁ%ﬁésenag‘ erled l%lﬁﬁﬁ 85%R theliflic E@rﬁ ﬁ&ta? ﬁi&@ﬁOl&lg egBREYer, the
36 of the mas ovvnlnFlgure
Vfdomb iofj extesing wmpetatev et the poinit bﬁcolfapsml?t is s{v\hmaﬂe thdh éhe destruction of
‘T*Pé %E]é s, di mens ane Sl%Ch that the hole 68 is
“gr?ﬁmpon RSt an?Fglslnﬂ EMEPes of the heater
el ement may affect the extent to which a bubble can

be fornmed such that its point of collapse is in the
Thegnsratigadf theduble 12hgo '4111@1 g colta@sesémmds @ potrthef milaesmx/where

th?lee 1@?10 sJ)ﬁc# }ng’%egglr %(I:lfb%:ﬁ/ﬁﬁn ﬁé’dou rg?};é er ﬂ?mgg ] clg Rggs%)éldmg to that

repelserebdEbly thichpast 108w df@l&ﬂrhhsld sholbih Fasird BN HeeséBentkoprasented is
12. 36 that are si)msv\,hat | opsi ded, so that they cannot

sypamefrical .anddhas g hg ed‘§prgsef5)(§qdnl?y {he reference numeral 63 at its center. When

the element is heated, the bubble forms around the element (as indicated by the dashed line

64) and then grows so that, instead of being of annular (doughnut) shape as illustrated by
the dashed lines 64 and 65) it spans the element including the hole 63, the hole then being
filled with the vapor that forms the bubble. The bubble 12 is thus substantially disc-shaped.
When it collapses, the collapse is directed so as to minimize the surface tension surrounding
the bubble 12. This involves the bubble shape moving towards a spherical shape as far as is

permitted by the dynamics that are involved. This, in turn, results in the point of collapse
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collapse within such a small region. In such a case,

wWth regard to the heater elenent represented in
wOo-r@unes185, the central | oop 49 of the el enentPCEHAU2003/001506

sinmply be omtted, thereby i%%reasing the size of the

region in which the point of collapse of the bubble is

to fall. 20 Chem cal vapor deposited nozzle plate, and

o ORRIE B e B3 BREEHE, OB RHE Rl TR i o
sofidabaeridlhus constituting a structure which is forned

by chem cal vapor deposition (CVD). In various
preferred enbodi nents, the CVDis of silicon nitride,

TR e o190 3 R SRR e

confignred to achidtveaesimilart teult, withethe Baphile gererdtingas indicated by the dashed

150 i gt SE Ol e thednpbig Coltpit b tha hole 67 at the
cenfPof iRenatgdyant age because the assenbly of the nozzle

plate 2 that woul d otherw se be required can be
difficult to effect and can involve 30 potentially

[ .S ' i nel,ude .t he potenti.al. .
R K e B B AR Ao b e s
coplfighiRd 2o adhievieRSsiMahT Bsuil Wkré thel dlentéih 0.388s diss@BiBh&Hsuch that
the difficulty of successfully keeping conmponents

tha hplgridds sralbapdnuiiching iResspragiys phbmhgshtghelementanay affect the extent
P n rin

3B DAEAZ A ETAB BRI 308 OISR T L1 Bt

thabalz| Porpdxainglelthieholdinay bé helittlpas b few Ai@ohssdtessPWhere high levels

hermal, e pa1n5| on is a signifjcant factor in the prior
ofgeeuraghindhe FrRPRis O dpecamngtdbe aghigyed, fis may sesuidn bebiMegrepresented
asTTOYH AR HE SinewHb: Eogs eP,es%alHaQt?h tfbfe%il%%g tdWarlid'8 point of
coefficient of thermal” expansi"on between, for
codlrpsepyighin suchi xioed!l region| én plchtaccase) dvith spirdtto dtechetter element

relignaisdifig 8 o6, G Pordighioop 45 e Eiinticlm ety bS omitted, thereby
inGRASREMRRIZ S tHRBEi0A$n %H&h'th@pcﬂhﬁ&f%ﬁ%s@%ﬂﬁ@ﬂubble is to fall.

occupi ed by, say, 1000 nozzles, the relative therm
expansi on that occurs between the respective parts, in

bei.ng heated fromth 0 _anbient t rature to the
W@%ﬁ%ﬁ%ﬁ%eﬂcgm L ehosiieq nozzle ol ‘%—f-ﬁ%@%ﬁrﬁéﬁt he parts

toget her, can cause a di nmension m smatch of
significantly greater than a whole nozzle | ength. This

Thtonzalesperding §i o icadninitoediel extensdsihpoughytheggaric plaje 2.dbe nozzle plate
thegﬂe&@ﬁﬁmﬁg%&&éq@ﬁgkﬁ%ggnggd @h&e&%@aﬁ Vot d%g%&égcg% (CVYD). In

I’ nvention~prese SCussI on,
vaeioho piefeered enthodingaits, thesCVDat of sificqr niaideasilicoedtiog e or oxi-nitride.
nozzl e plates that need to be

The advantage of the nozzle plate 2 being formed by CVD is that it is formed in place
without the requirement for assembling the nozzle plate to other components such as the
walls 6 of the unit cell 1. This is an important advantage because the assembly of the nozzle
plate 2 that would otherwise be required can be difficult to effect and can involve
potentially complex issues. Such issues include the potential mismatch of thermal
expansion between the nozzle plate 2 and the parts to which it would be assembled, the
difficulty of successfully keeping components aligned to each other, keeping them planar,
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assenbl ed are generally |l am nated onto the remai nder
of the printhead under conditions of relatively high
W@ R008948102Thi s can result in breakages or undesPCEBUZ003/001506
deformations of the devices.2%The depositing of the
nozzle plate 2 by CVD in enbodi nents of the present
i nvention avoids this. 20 A further advantage of the
r n 0 ' an, t
oo 553 b b eiop S of B SOhsbulbe BERR b B plate2 0 the
otketipatti.ng semi conduct or manuf acturing processes.
Depositing a nozzle plate 2 by CVD all ows the nozzle
plate to be included in the printhead at the scal e of
Tﬁé%ﬂ@loif ﬁiehhglgéip@@;i&{ is&rsggﬂﬁédnpﬁvctolﬂ% i A)?l;o? GRSwhRh limits the size
normal [y use or sem conductor nmariufacture.
offink fts thet dahde mednufackurgdt Tlas ishebindse theediffeyenteinsthe coefficient of

experi ence pressure transi ents, .durin he . bubbl )
R FHERI BFASED BF CHRG A0k OHEp RBtUd & RDpge to which the
n&%zﬂlﬁe R @hfsctet, WheRUAR sUBMHER of WRichn, 3 Hbi'teeé?lb%ﬁé@

then to w thstand such pressure transients, a _
Censbgueatly.i avler esdnelhedistanfe 0h@vidcupied by spy,ati0e0 wordles, B relative

requi red.. woul d under st ood. by thase skilledq.n
i hftsion o Ot Rt o eRE Bt R S e i s i st the
anflehtderfiptBtufd HEhE Qlirid tmPEARIr&FRuREd fiir PoHGIRE the f¥els @Ygether, can

WO 20047048102 27 PCT/ AU2003/ 001506 For exanple, the
caupg ¢ fimensiop migmetch @ significprtlyegreaterthen & wdolanpzaledenpth. This

i e chanber 7 may be,

W§§§$§?%ﬁﬁﬁﬁﬁ%ﬁéaﬁ@%Pﬁp?E%@?H%§§§%o Fi gure 49, which

shows a unit cell 1 that is not in accordance wth

th resent .inventiop, .and whj ch has,such a_thick . .
Any %pnsolaﬁlataéd@,ssthbmﬂ? feafgesgffheinvention Rresently HE‘EF’YQISCUSSIOH, at

1ehRULERESAmERS tiESH! s tha, 1B1oPBt ETBCFiEAho e b1BtoS itk BBed to be
nt l?e to tﬁ S O

ej ection. |'s case, e thickne nozzl e
aspdnaltled &e geherally laindnatedipatg tiecenasdlebyf the peinthead heded cargditions of

he ink 11 is ej.ected therethrough resul ' .
robfigely Pretuatiess o€ e bl breakefest s otiabladeonmptions of the
dedRt.N"ehe @ép@bikiﬁgbf BRtnoseld Iptht& X 'b? cVmid 88b&dRRnR o HéGlteddnt
_thick nozzle plate 2, relates to the 10 actual etching
inpendivagoidTHis i s assuming that the nozzle 3 is etched,

as shown, perpendicular to the wafer 8 of the

substrate portion, for exanple using a standard plasnma
A g€ agvantdple f thstbsbnt fepiveal dfthd Beetition, amest ihé@hbdddments

m crons of resist 69 to be applied. To expose .t hat
thengph intBeis compatihilityywiglgexisting seaigandaeior wopyfagiring processes.

Déﬁﬁﬁln%tai 12718 LS %y‘&\f’]ﬁ LA o258 ipﬁa\f@to Sink108ed in the printhead

at the scale of normal silicon wafer production, using processes normally used for semi-

conductor manufacture.

Existing thermal ink jet or bubble jet systems experience pressure transients, during the
bubble generation phase, of up to 100 atmospheres. If the nozzle plates 2 in such devices
were applied by CVD, then to withstand such pressure transients, a substantial thickness of
CVD nozzle plate would be required. As would be understood by those skilled in the art,
such thicknesses of deposited nozzle plates would give rise certain problems as discussed

below.
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focal depth of the stepper that is used to expose the

resist is relatively small. Although it 15 woul d be
w@omsikdie2z t o expose this rel evant depth of resPGI/ABR003/001506

using x-rays, this would be 27 relatively costly

process. A further problemthat would exist with such

a thick nozzle plate 2 in a case where a 10 mcron

r i pls S Pl Lo ST, SERER ET0E Neiphor e n

the RozAMeEHIRbee X mdysﬁeoﬁhyb@@ WREONS. WE IR Bdeah e 4 8which shows a
substrate, as wel [ as the inherent stress Wi t hin

unitgelid Halis aptiadicrardance WIﬂvethmm@@nte@‘(ﬁnaon,eanédﬂg@luh%csuch a thick
n *%9;@’ 149 2 ‘t'%ﬁll Be A60L851cH Iﬂ?ag %clﬁr téﬂ?cﬁ(ng'sts RS rdsit tllero]Phems relating to
9 i ¢ process {5 us,

ogra one 1 npracti cal
drap lejla:ytﬁcfn fIIthlih e, duezd chethidkgess oﬁ)ﬁoizlﬁ V%ktleas tlﬂe&luﬂki;le Idedpsexerted by
(unli ke in the present_ invention), i ossible, Is
thgnezels 2 A% @gé@aﬁ)%eqm eretrenabiietison i tHgsses n the

ﬁﬁ%%%?'ﬁﬂ H&RLe i Nk ej ection device according to an
enbo

nment o the present invention, the CVD nitride
nozzle plate layer 2 is only 2 mcrons thi ck.

f fluyidic d th ' t
R Tl PR sator SEh APk G Blelet-gigs o the
ac‘i?l?alll %hﬁ% Pr&®Ss. THik 15H§s‘ilﬁﬁlgg%g@the hBes168 @J‘et&hé&e as SOl ﬁ@rpendlcular

resi st hi ckness require etch nozzl es in SUC
torfoe whisr Blofithe sgbsteaﬁ@lpwmen,s&)r @mm@usln@astanéard @iaemam@mg This

not he exc
Wi i 3t B BRI RGE i 400 B Shiied, Torcapgse that
thioknésR 10§ rdsixy 601 the Fequire® ka8l FdedbutiohebepbrBeSAFRUNED leﬂb%j as the
in the chamber 7 1s onlé§ﬂ¥prOX|nately 1 atnosphere

fogal dlentdrof tiyostennes fihisrused Rsqhp spsishis relagiaely small. Adthough it

wéﬁ%ﬁ:o? ?E%&l@?&gﬁ (seé tshll%lxﬁlief%% cﬁpm%eglgﬁgﬁfslﬁlﬁ agg thls Would bea

refatigelgicesity proesgsli red to eject drops 16 in thls systen1
These include: 1. small size of chanber 7; 2. accurate

fabrl cation of nozzle 3 and chamber 7; 3. stability
rﬂ%ﬂ} Robdiss Bt %u&i exhé%‘%ﬁ{ Sih ¥ QE b1 A8 latJeOz th g ¢ ¢68¢E Where a 10
|c and thermal crossta etme n nozzles 3;

mﬁ:roroiyhlqlqmynr b pittide wered_VD d@pdzﬂnﬂeé oanaijcon substrate wafer, is that,
because of the difference in thermal expansion between the CVD layer and the substrate, as
well as the inherent stress of within thick deposited layer, the wafer could be caused to bow
to such a degree that further steps in the lithographic process would become impractical.
Thus, a layer for the nozzle plate 2 as thick as 10 microns (unlike in the present invention),

while possible, is disadvantageous.

With reference to Figure 50, in a Memjet thermal ink ejection device according to an
embodiment of the present invention, the CVD nitride nozzle plate layer 2 is only 2
microns thick. Therefore the fluidic drag through the nozzle 3 is not particularly significant

and is therefore not a major cause of loss.

Furthermore, the etch time, and the resist thickness required to etch nozzles 3 in such a

nozzle plate 2, and the stress on the substrate wafer 8, will not be excessive.
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6. low fluidic drag through thin (2 mcron) nozzle 3;
7. low pressure |oss due to ink ejection through the

WO pioe4892 8. sel f-cooling operation. 15 As nePtT/anzm3/001506
above in relation the procesén%escribed in terms of
Figures 6 to 31, the etching of the 2-mcron thick
nozzl e plate layer 2 involves tw rel evant stages. One

. e | I .et chi.ng.of reqion .

TR EY 28R oA S W TS D bR T s spermet n
the dhanhiste 70k omlyasppitsxiithateBclosmobiRrd@wizio? 100 BinfospHéies as in prior art

ot her such stage involves a further etch, 20 In the
devisss.ch PRRESIORPHRERAYC46 in Figures 26 and 50, which

actually forns the nozzle aperture 5 and finishes the

rim4. Nozzle plate thicknesses 25 As addressed above
Thene arelnadnydctbrs wiieh tantripite anthe kignifecannzdi@iopliapresfirditansient

C\VD,, and w.th e _advantages described in that
reﬂ’é‘é"élrtﬂ,eﬁtcwgmﬁéagll%ﬁﬁ SR | eﬁﬁ’élcé‘rd@'sent i nvention are

1. BinAN&lze oF BReMBR 7t he prior art. Mre particularly, the

nozzle plates 2 are less than 10 mcrons thick. In
2.oaecupate fabricedoreofaziednnd chimberdzzl e plate 2 of each

unjt..cell 1 is |.ess than 5 mcrons thick, while in
3'aﬁ%ﬁ’ﬂ§¥ 0}5‘#8?8%%448“ %%880‘1}%}5‘%1]?01{1?54 s less than 2.5
4.MvefydB% fldidic lnd tHed@sItbrostaliSbetivedd fzR4 3t hi ckness for

t he nozzl e fl ate 2 is 2 mcrons thick. Heater el enments

5.f eptmgm npzglersizerte hrbblagrees WO 2004/ 048102 29
PC YRR, i e present feature,
6'tg)eur’e arcggl{gg%g%?ﬁ&gé%ﬁ%gtné?ﬂé?bnems 10 di sposed
7.wildvin pressurb boss daseriveink éjeofiorethedughnhd intel9f 1. The
elegents 10, which are formed by the Iithographic
8. PHESAINLONERIOR] bed above in relation to Figure 6 to
31, are forned in respective layers. 5 In preferred
enbodi nments, as shown in Figures 38, 40 and 51, the
Ahmantonedlaboeninsetbfion therplocedOd & ciibed: in eeratsanfifégurds, 6 @rd, the
f. different sizes relative to each other. Al so as
ciging oS ZpioacH G Perr Rlal PR RaoREs Db el azes: One such
st&lRSAVdIRds tRE eRhink ¢ td re 0 Uk ated 4 T8 STres SAGY SBAS Brm a recess
el ement 10.1, 10.2 is Torned by at |east one step of
outfide ofpwhatawl becdrae themokzle hioy#.afhé othet Bish stagk atviohgs adurther etch,
. each one, of th L epents ,10. eing distinct from
ingicte OnrdeeFlg{l?tﬁ(g 4? i ﬁggresgé gp& g?,e\ﬂ%lg]e acfaglbf f%ﬁrﬂ%{he nozzle aperture 5
and|faiishet theli@n M, 10.2 are preferably sized relative to
each other, as reflected

Nozzle plate thicknesses

As addressed above in relation to the formation of the nozzle plate 2 by CVD, and with the
advantages described in that regard, the nozzle plates in the present invention are thinner
than in the prior art. More particularly, the nozzle plates 2 are less than 10 microns thick.
In one preferred embodiment, the nozzle plate 2 of each unit cell 1 is less than 5 microns
thick, while in another preferred embodiment, it is less than 2.5 microns thick. Indeed, a

preferred thickness for the nozzle plate 2 is 2 microns thick.

Heater elements formed in different lavers
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schematically in the diagramof Figure 51, such that
they can achi eve binary weighted ink 15 drop vol unes,
wao b@t/oss)2 so that they can cause ink drops 16 hGVAngmymnﬂm
di fferent, binary weighted votlnes to be ej ect ed
t hr ough the nozzle 3 of the particular unit cell 1.
The achi evenent of the binary meighting of the

A\ééﬂrg{ﬂg% tle I;ngsgan{ tug{,l gtpe‘?é? é’%& rpt?%r t G rfrtrl'gagcgrdeigx Q ﬁ}] disposed within

thElogamber57lof dabke usit eéll Of Théelemehts 0) \hﬁl@h afe ﬁi’rﬁéﬁﬂﬁbt thé Qitldgraphic
contact wth the ink 11 is tw ce that of top
Plﬁ’éﬁiséﬁ descaihad aboyg in relattondp Figuse e phiast foaped insgnestive layers.
pat ented by Canon, and illustrated schematically in
Figure 52, also has two heater elements 10.1 and 10. 2
Irf prefeprad oembodintents, anshotwinds &Figres 38, 40 asd 2 dh©heater elontemesy10.1 and

e drops 16 with nary wei ghted
l‘ggll%ﬁﬁs‘%hamﬁﬁe'gép FreRt si: Sig]at“ﬂ?dofa‘a? %tﬁ?ror med in a
single layer, adjacent to each other in the nozzle
chanmber 7. It will be 25 appreciated that the bubble
Alsp a3 Wil Famppﬂyyiatddevi@wmfdrermb ecvrﬁmtabmﬁ: dqscﬂptiqa ofitke lithographic
relatlv

piofefurach phoS Bemey 0% 16 21 o 57 oLiBgd ona ko ot S08Ss. the
lighe gﬁbﬁk%ﬂ:pb Yelativey t@‘éﬁ&ﬂ &féd)f@ﬁé Sehentfol rlﬁlﬂg"&stﬁﬂc?ﬁf&ﬂttﬁose

when they are actuated sinultaneously, is designated
rel@mgtoﬁhqcébercﬁlmmtéﬂtzly sized ink drops 16 will be

caused to be ejected by the three respective bubbles
12.1, 12.2 and 12.3. 30 It will be appreciated that

Théelesicats 1011, 102 aed pefrdtdy difedlrehiitte Ideadh oitRAES rvfRgtadr €
to be binary weighted to cause the

d
nOt &lwibfl 1%1? hegfipgamof Figgs %]g suel that ey cap achieve pinapgeweighted ink
%P%Edn% Qs UEhY tn &P Jﬁﬂ'cg@ste' ﬂlgﬁrogg 184903 dgﬂg@?%m&rp%velghted

nary wei ghting may "we epresen
velo0gd @)41&163@:t6ﬂthﬁiﬁghlﬂhﬂﬂﬁﬂemdﬁﬁﬁpamcmmr wet gelloly Theeachievement of
area of t

e ey Wrishias 9biTe vorums ot fhs 10k oo S0 A SRLringd bybezsidtive sizes

ofthe BleHRhHN®S] add'®).3.| 1 fqg\ﬁre 6hahaaled o #e YoBtomtdaR BRRE: 10.2 in
the generation of bubbles the drop dynam cs

cagtiast aathahe inki Idsis twm&q:uaﬁuopﬂlyatelf elementil®.1hat is
drawi ng back into the chanber 7 fromthe nozzle 3 once
a drop 16 has broken off, and so 5 forth, nust be

OBORBIWHE PRk arP &M Rﬁt@ﬂlth‘d by Can@t bﬂdlillurs@&tb@ sai‘eniah@auy in Figure 52,
surface areas of the el enents 0.1, 10.2, or the

alpehasgivieeivater slements 10vicndd 8i2efos eaqhe@@élex andghesg@ramsegized on a
b%\ﬁkgﬁ; aSis t(f &% fn%\%ﬁgéq&rgiffm M{ﬁ bﬂfaf}; %{E%h d%fu)fne 'Tgllgget e(iements 10.1,

Fures e size eater e efen
1.2 axk, foﬂrﬁetﬂlnl ssihgle éyen ndjavdne teecdch ethenin the abzAlé ehaimber 7. It will be
apsplflercfiaatgc? that the bubble 12.1 formed by the small element 10.1, only, is relatively small,
while that 12.2 formed by the large element 10.2, only, is relatively large. The bubble
generated by the combined effects of the two elements, when they are actuated
simultaneously, is designated 12.3. Three differently sized ink drops 16 will be caused to

be gjected by the three respective bubbles 12.1, 12.2 and 12.3.

It will be appreciated that the size of the elements 10.1 and 10.2 themselves are not required
to be binary weighted to cause the ejection of drops 16 having different sizes or the ejection

of useful combinations of drops. Indeed, the binary weighting may well not be represented
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10 areas is therefore fixed, the relative sizes of
ej ected drops 16 maybe adjusted by adjusting the
WG Eploys1onl t ages to the two el enents. Thi s canPGil/au2098/001506
achi eved by adjusting the durPftion of the oper ati on
pul ses of the elenments 10.1, 10.2 - i.e. their pulse
w dths. However, the pul se w dths cannot exceed a

cert n,.amunt f nc ubble, 1
R 247 o R OBl elbP 403 AR BRRE? HoPihE g SR 101,
10. heachivye Bitfadd weigh@l desp vodumbd] tite flukicahi@stetiftih stird@ding the
will be of little or no effect. On the other hand, the

geneation ef bibleselds thefdremdynamrescharcisrisiessthe quantity of hquid that is
dr?év n‘%e ag Eﬁgenrﬁéat chQ %&gxq.?é Ro%geaggnce a Jr%(%gg' g%%ﬁ%{(e& &‘E and so

forth] mbst baroopsidered. adtcfeoﬁljmgty el adfWhl ratict dfehermuttacel Beas of the elements
t | dt h | ted, hy th t. of 20
100{, bl@c?e IO% I%E pﬁ%#ce p§’gl;ez\gp :hgalltpg, Bgeds) F%bq?acgl?s%e% in %rac’uce to achieve

ulse wwdth is [imted only
th%@é%e%g\gagf'%e {eé%cu rﬂ‘bd”l‘cﬁ'iﬁh@

ent drive and the current density
that can be tolerated by the heater elenents 10. 1,

0. .. As.sh [ Fi 5 { t heat
WhPisianiize 3605 nely emgrdS L Ak iscSiet a0 Trisahg mtios their surface
aréas i§l tHe¥Forel fIxeH] the reﬂhve@izteﬁ‘ @PQEC’(EJF Sﬁ)%s &b nfyiteRdjiRted®Y adjusting

be identical to each other, her adjustnent can

the sunsly eeltages toythewo dememriss Ehzsu oma also be aelueveéﬂ)a{mdjv@tmgz the

ST 0SB AR O b

Hewersethe philsé 9adthd dafot dxatedeneuiaid Saoind of fide RSlse once a bubble
el enent 10.1. If, for exanple, the relative currents

12has pugleated on thesurfaspefcan; dement d fdnd @ 2athen any durstion of pufse width
(Y transi stor of the circuit
f%g&ggﬁ%{gc lﬁ&;et()fﬁlla &Ing\ﬁ/zfregt(e)l enment 10.2 would typically
be twice the wdth of the drive transistor (also no

O iyt haod e fswr g 793 6 g Sogmso 1) bR glowshem to be
hetafé@ t& Eéa@ﬁ @H 8“11@%(?6&'051%'&9% HuBblkt 9 E 5 ¢ f8fmed 410 at which

heat er  el’ement which are in't same
drbpsy BT are gjestedr &Wubfethe sianithumeéoctiicopulse witith is fimsted typthe bnset of

| ithographi manuf t rin rocess. .l.n the 1
ool el el ARLRRD'S i BePosRS IS mipublfulsewidt s
lithit€U6:8y B¥ the dvABaBIVBURAHATS arfl BB BRr&nt HBnstty tAdl cén b@folerated by
nmenti oned above, are fornmed one after the other.

the Rertercpleraentsi8&&r1%b2d in the process illustrated VVI th
reference to Figures 6 to 31, the material to form
the elenment 10.2 is deposited and is then etched in

Af $tevin inlfagurash) the pﬁ@hms elendeﬁfsaafli; ¢0.2arsenkdted totwo respective

r 39_is, deposited top of that elenent, and then
driwé:?rﬁglltse?(? aﬁﬂhc?ug% these cn'cu1ts ﬁ) may be identical to each other, a further

adjustment can be effected by way of these circuits, for example by sizing the drive

transistor (not shown) connected to the lower element 10.2, which is the high current
element, larger than that connected to the upper element 10.1. If, for example, the relative
currents provided to the respective elements 10.1, 10.2 are in the ratio 2:1, the drive
transistor of the circuit 70 connected to the lower element 10.2 would typically be twice the
width of the drive transistor (also no shown) of the circuit 70 connected to the other

element 10.1.
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for the other elenent 10.1 is deposited so that the
sacrificial layer is between the two heater el enent

wo 200e/04810The | ayer of the second el enent 10. 1 PGI/avz(08/d01506
by a second |ithographic 10 é&ep, and the sacrificial
| ayer 39 is renoved. Referring once again to the
di fferent sizes of the heater elenents 10 1 and 10. 2,

ot pC AREHER i) iflEs s e RSN L 102 which e

inthié $anid Ryerpird dradused Qiﬁh&ﬁhdd)ﬁﬁlp ity fHelsa®s sfep @ﬁtlﬁﬂﬁhdi@
3. 15 1t wll be apprecjiated that, where nultip

mgryfaeragng prcess. [adhs evkadimapicnfdagieresant fyention ltllﬁﬁtpat%dr a lggure 51,
1afh u
thQ %»O@ Bgaté\@ \%ﬁtﬂ'}eﬁ% 10:1 %122 %1&18%(?1?? tafé%\gedall( ff)%fnéﬁzﬂhetﬁ?ter the other.
Inldemle as @afsbnbecrmslmd p;rbcem 11111%&31{66 wtithaefeperee tmlgxg&fes lrt?he 3$gﬂhe material
ances her speed printin e achi eve
t°1fjﬁ em?fﬁé@@daga%ost andgis &m.qt@egh%%erl%oa% ocess,
WB&%&EH%' 556%1%1 Yyel BE 1s'1fé§5§1€ed?b 18 BPﬂ‘hLa{ clzlem&lfceand then the material
equi val ent ne, two, or three be
foe ﬂmrtb@r elehssnt i) .h gs ddpasltﬁchs@ thatghé sdahﬁcmb]‘aybﬂ is bpﬁa@dn tife two heater

nozz S t|n i,nk ejecti .
cligietIBRES The Taver it apond FeineBbrd P n€btied s bt igantic
st@?'&h@ﬂ%acﬁﬁhﬂﬁ%@@sreﬁﬁ%&ef the nozzle refill tine

Wil | typically be a limting 25 factor. In this case,

the nozzle 3 wll take slightly longer to refill vvhen
f n n|

Rgt}a}zr{engp nce }{é’éh g ghffegéngg z%%of tﬁ}g lh%ét eﬁer(r)l g*ﬂg 1m d: me

metoneg aﬂdmap t}ﬁﬁﬁas bﬁ@zﬁdv@hﬁgé it it oatecthe elethepfsa6 be 62ed ko as to
will not take as nmuch as three tines as Jong to
achisve ppultinlg; bingry weighteddrpp olumes fiog OWﬁie@’s and t he
surface tension of the ink 11. 30 Referring to Figure
53, there is shown, schematically, a pair of adjacent
It lmil]l be eppresiated lhaamherdmﬁltilﬂdnérope/lolum cahbe hefitvell, dnd especially if
sentin e nozzle 3 fter a |large ol,u
by s DA S i ok PR BRI Al 48 BROPiRIPeR P Daing fevwer
plﬂ{té&ﬂo@ ﬂﬁ%@aﬁfwé%hﬁ%ﬁoﬁﬁ’&ry”ﬁ has been ejected. In
the case of the larger drop 16, the curvature of the
air bubble 71 that has formed inside the WO

04/ 04810 PCT/ AU2003/ 0015 artially enptied .

F{psingr e tter 1 g shOPRAAnGes, AT SR POty PRbUATAveg Thatis,

inktead offast djeutinE @n@fitopri4 dnb eheRAitifs forThddzzi¥ PR x’eﬁﬁ the equivalent
been ej ect ed fromthe nozzle 3.2 of the other unit

ofcqare} twio, pr threerdropy ik be eiedtad hwsuming that the availabls) reﬁﬂz speed of the
n(%zgl Sf‘fé I,?ldph hm?t%ééj %ﬁ%’} n';l? 5 Qj:tio%, g:?ﬂaf\?vel}g% gﬂ Lﬁ&g %ﬁ rté ﬁ'ﬁ‘ lPﬁs faster,

magbeé hd:hl@&ﬂs agpraetldephmﬁ&r tthenowrkezdedill Jimeawill tlypic@lljr bea limiting
gives

fagqr(])gg]t}:[ t%lsacagth A ng'g,fwl{lft%ﬁgéilgthﬂﬁ loanrgref ’é/c\; rzgﬂ W-Lgh% triple volume of

drop 16 (relative to the minimum size drop) has been ejected than when only a minimum

volume drop has been ejected. However, in practice it will not take as much as three times

as long to refill. This is due to the inertial dynamics and the surface tension of the ink 11.

Referring to Figure 53, there is shown, schematically, a pair of adjacent unit cells 1.1 and
1.2, the cell on the left 1.1 representing the nozzle 3 after a larger volume of drop 16 has
been ejected, and that on the right 1.2, after a drop of smaller volume has been ejected. In

the case of the larger drop 16, the curvature of the air bubble 71 that has formed inside the
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time. As the chanber 7.1 refills, it reaches a stage,
desi gnated 74, where the condition is simlar to that

w0 poottlogs1ezdj acent unit cell 1.2, In this condit PORAU2(08/001506
chanber 7.1 of the unit cell 3.1 is partially
refilled and the surface tension force has therefore
reduced. This results in 10 the refill speed slow ng

pag'P XY?ye %M le t (z)glg KM alts 1ﬁ%€4tﬁ atﬁeibetse OgaF%BWS?Q %a&bﬁﬁormed after

thie @hﬁlléﬁk&)lﬁh&ﬂf@@mag bdenWjédied fr&naﬁéﬁl&zzm 2ol ofr Rt Rihitleal$ 1.2.
been established. The overall effect of this is that,

al though it takes longer to conpletely fill the
EORERE ey R BR A DRI L) MG, B e
tensiop fc&sewmchemls td ﬂraghﬁe‘ﬂﬂd Lﬂl]ﬁrotkmthb@eﬁIBf)z:]sbdl@CD ﬂr?ﬁzatdsrtﬁenozzle 3
it 15 does take _as nuch as.t
arﬁ IHB)sthF g\gﬁge‘?erﬁ - ASTlORLcRg o R 757 ThISGENYESTise 3 & shiorter refilling

tnlﬁ‘@ aA?fhe%hExﬁﬁé}tﬁl $eii9 B rdaEIY ar@élg%r &%Lﬁ%&t@? Aat fhabesk Bhdition is

el ements wth 'ow atom c- nunb eat ure
siimdantovtbat in e Ehﬂwbmruneﬂ cettdri2. dn fi6s baxiditgprf Grerahdmbér B bloif the unit cell

R e ok T

the kel SpeBd BRRing BRIPWRGholgh, & tHfs afagk, rﬂ%n&ﬁk,%@h&ﬁﬁeh id f38ched in

atomi ¢ weight 1s below 30, while in anot

thetiraticallelnt, a flew af liguid invte ﬂ@*ﬁhambelb”_éﬂ o‘mthz& assmeated momentum has
o SFE 10 BT L, DB RS D St

fill ésschan®egy. 1 iadd heLld 3.¢ dronda tidieSwhdnltRe hie BIsH1aY ViLpredent than from
he heater. elenents 10. This is because, as w |l

wheribe sprdiiony4 ismsesent RYen iéthe volume tadhq refilledis three tones larger, it
SGSTOELRL K Byl hectild b b RERSRL L ) Bt o
Accor di ngly, |t will require nore energy to raise the

d therebg I nduce nucl eus
LG iconstituted by glements with losweatomic-numbers

- v

nucl ei that in a material havi ng 30 atonms with
lighter nuclei. Materials currently used for the
This deadure évolnena the heter lemeats li0ieijgefbragdofvbid ma:témai,at least 90% of

whRB S e et e PhiBlord MRS RGNt vinE ah St number
bel&W 400484 Brfeite dReToMMEN DA RREW eigBISS bEY W) Wlﬁle in another

Tant al um and haf nj um have atomi ¢ ntnbers 73 and 72,
erpladiment; the pipmic weightisbglewdd-eri al used in the Menj et
heater elenments 10 of the present invention is
titaniumnitride. Titanium has an atom ¢ nunber of 22
Thnaivantagogenlohegomit minther és thathe atontfof that il have a lower mass,

er | aI therefore being significantly lighter tha
aﬂtdnmaefs%oa? ephEneres i pegvired 19 @ﬂsegﬂﬁt tempegpbure o thedieater shegwnts 10.

This is because, as will be understood by those skilled in the art, the temperature of an
article is essentially related to the state of movement of the nuclei of the atoms.
Accordingly, it will require more energy to raise the temperature, and thereby induce such a
nucleus movement, in a material with atoms having heavier nuclei that in a material having

atoms with lighter nuclei.

Materials currently used for the heater elements of thermal ink jet systems include tantalum

aluminum alloy (for example used by Hewlett Packard), and hafnium boride (for example
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Boron and al umi num which form part of hafnium boride

and tantal umalum num respectively, |ike nitrogen,
wa@e@4edied i vely |ight materi al However, the PBEnaiU2003/001506

of tantalum nitride is 16.3 cnB, while that of

titaniumnitride (which includes titaniumin place of

10 tantalum) is 5.22 g/cnB. Thus, because tant aI um

e : Chr
) Sl el R0, B,
wheélq thermaterigdrused imethe Mentjbr lmter tlementsd9oeineprgyent ﬁlvblﬁtﬁin is

dhan tantalumnitride. As w il be understood by a
HRERER g Lfﬂélawmqhastaﬁétoame Hupyhgr of 2 asanERes oy A ptgyic number
of M tﬁes@?ﬁa%ria?é th@ltefér%eﬂ fsfg%ﬁ?d’éht& figﬂ‘éf fAbH fl%%e b?the relevant prior art
represented by the fofl ow ng equat
devisOpatedelep, where AT represents the t errper at ure
difference, C is the specific heat capacity, VOL is
the volunme, and p is the density of the naterial.

BAtdnh@d Giurhiemd GAshtfrh Parf 8F hatBivgd BariiRGna @An\tam%oammhﬁle

atom c nunbers as it is also a function of the lattice
resperitvelyt Bke nifegde AL rﬁk@twdy dighomateialsn HOM@M@eﬂlebipan@f tantalum

f rials i hwal.v hence
o Te2 R Sye b BB b e ML E g ERER e of
tanenhiray isFee2se/cith Thissbéoaaseltataiufyaitridishat heleh@Bt Eapproximately
el enent elng configured, such that the nass o?

theeq tirges &@ﬂﬁ fitaB Tt i BitadRoHE FoHBire fRprovemately three
I
tlﬁiké‘?é’s‘é‘ eﬁﬂ'gy Iﬁpl&éa't ﬁﬁlnﬁ?éPt Prélq{é#oo de%eqﬁ?)b%t n %rgfé)tggtbﬁ 2 %ﬁgg skilled in
tlmcartaﬁletdmffgemnatenerg)a ook emteti2] atttiverdifferettdemperamraris rapkesented by
d&o& 16 e ejected, is less than 10 nanograns. 30
the O‘HEHEFQ? Ped enbodi ment, the mass is |ess that 2
nanograns, in another errbodl ment the nmass is less
t han 500 pi cograns, and in yet another enbodi nent the
mass i s | ess than 250 Epi 8grGuwsVolp,2004/ 048102
PCT/ AU2003/ 001506 34 The above feature constitutes a
significant advantage over prior art inkjet systens,
whsreiAT repRsedts theittmpetatufcdicorade, € it feSpsdifi@Bead cAREHY, Vor is the

of the reduction in_energy, |ost in heating the
volume, and p is the density of the matérial. Although the density is not determined only

by the atomic numbers as it is also a function of the lattice constants, the density is strongly
influenced by the atomic numbers of the materials involved, and hence is a key aspect of

the feature under discussion.

Low heater mass

This feature involves the heater elements 10 being configured such that the mass of solid
material of each heater element that is heated above the boiling point of the bubble forming
liquid (i.e. the ink 11 in this embodiment) to heat the ink so as to generate bubbles 12

therein to cause an ink drop 16 to be ejected, is less than 10 nanograms.

In one preferred embodiment, the mass is less that 2 nanograms, in another embodiment the
mass is less than 500 picograms, and in yet another embodiment the mass is less than 250

picograms.
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solid materials of the heater elenents 10. This
feature is enabled due to the use of heater 5 el enent
woraioe0ishs having | ow densities, due to the rePEI/AURI0$/001506
smal|l size of the el enents ]1ﬁ4 and due to the heater
el ements being in the formof suspended beans which
are not enbedded in other materials, as illustrated,
for exanple, in Figure 1. Figure 34 shows the shape,
in plan view, of a mask for form ng the heater
THé f84&E Beature Cotslitutesldsi SOt HB dntadle &&?ﬁrlaﬁtihﬁeﬂsﬁﬁﬁwas it
in Figure 33. Accordingly, as Figure 34 represents the
regHifia apfinarepsethefficiencehereselt efithe fedugtion wranertiydesiin heating the
' . 0.1l I SKUSSI ha ter . elenment
st AREO PP bbbl T Tl M B enePBRARR TG TRR b ot
eldfeddnateridts Banisg Bdv ddnsBiech,ubike t@ttiraiglieely oapll 4i9¢ vwhihe Rldntents 10,

2 mcrons wide and 0.25 mcrons thick. It has a 6
ang jedn thedisaier eleaxsnigdemedn shegorm of sispered bepmaemliich armeot
IS 0
iR RN miTBR e o2 AR B B Ee L o by
reference nunmeral 10.39 in Figure 39 has a nass of

229.6 picogra and that 10 _.represented by reference
Figiet o0 sirpe, HHplgp ¥iev 61 A 2k 1r0gnig thesigatsr Siicture of the
erRbSRAERBF -thé/%grﬁg%ag%hg%ﬁ e Plgdrelds. A(Jgggrdfr%W, 8s FW‘izlgpresents the

Fi gures 34, 36, for exanple, are ‘used 1n
shapeof the deatetralement 410 oftlea embodinteat, itk noWw refaurhd suiphliscussing that

el enent l.ch is in thermal contact th the | 1 .
el Treph el ses e ogieA fyePregiias T roltpbe slBeal At n Figure 34
hdsljadt aistngledliosd9 tnthich 16 QrRRFoHs Wi aRI0Y.25 hidbnPthidkN 8t has a 6 micron
boi ling point of the ink, will be slightly higher than

oyteradius apdsa d anigrondprer sadivee g totpliheatgemagsis 84 pidogtamsn The
. . | af i . . : Cread | v

CBEEHARAUID Shily SHBR AR KA BE 360 i 9
hadatramss of 22&6 pivogtantsasd thdt 102&premhrdibglrefefins€furhéeral T®R36 in

himwrtemmr%wra Conformal |y coated heater el ement
Fighied orhag o mass Phi)- Y BISOZREN- el emrent 10 bei ng covered by

a conformal protective coating, this 30 coating

havi ng been applied to all sides of the el ement
Wahienrthet cdereenis 1§, 192 répretentedan Eigatrdsi3g, 3% andsd@ fbresampld)are used in

coat i . _preferably, .is,electrically .. . .
DTG G ARk P O PO HL Y SRhRyeT SlEEntapiich 548 tiprmplggntact with
the A MB{beRRIRYIBIHLYE fo¥middlifAEinRhRfBiboatn &IPRsH iT8ited th Re

coating is of alum num 2004/ 048102
teppFyahue aoaedand the tBEling painigef the imkawil beetlighthy bighewthan these

miggr?,g% %sl tﬁé ﬁ]?{nl%gg R;gillébielgg%t%g rﬁkaﬁlir]%xlse:l%lacg%dalﬁ ri]rgsuia%ng,eéhe%ri]%hg %ert,

thermally conductive material. This coating increases, to some extent, the total mass of

material raised to the higher temperature.

Conformally coated heater element

This feature involves each element 10 being cbvered by a conformal protective coating, this
coating having been applied to all sides of the element simultaneously so that the coating is
seamless. The coating 10, preferably, is electrically non-conductive, is chemically inert and

has a high thermal conductivity. In one preferred embodiment, the coating is of aluminum
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Referring to Figures 54 and 55, there are shown

schematic representations of a prior art 5 heater
we@b@aos1010 that is not conformally coated as BPUBHAUS®BM01506

above, but which has been deposited on a substrate 78

and which, in the typical manner, has then been

conforrmlly coated on one side with a CVD materi al,

580 B BioRE B bt 8Pl b BB SIS S S ot

oSBbE A i€ & dfboidh Hirgler € 56, this coating being
designated 77, involves conformally coating the

el enent on all sides sinultaneously. 10 However, this
Rg%ﬁlér% e|1%&85a§4 %81 57 2% %Jg eshc?]vgﬂg%eféigg Qééaré(se&%ggt(fshcl) avpendor art

hedtérletdnine 10 siont atrexd coniformallyn@iatettas didbulsed abovie, But wticH 8 been
formof a _suspended beam so that there is_access to

depopitesk on hgbsirafed S gpd f"fli)éd’e rethe fipical fnapger; Basdhen been conformally

e
abydve iethgpresent 1hsata:ﬂxtee aerefledtsdl scrhemd‘&chl]lyea Fjgund 56, thiarceating being

o ne 0. ctr 15 nd cate )
e 7ol Bes oA I oetiag 08 elemispl o) Slhsidgsimpliaeopal.

H’G%%r s confiHral BHtinY 79 %tall@QieE Bﬁn 641§ BB %hlé’&édqm}élellement 10,
des is, essentially, that the elenéent is

ngm be&jng sre@bdqu mvestwﬂir@ isotetedcfoan |ot11§pr stirantigres hee |1é thgtfhrm of a
0T
oA Ty otha g 1 febiseSRLPt BREREN B s et

understood with reference, once again, to Figures 54
5. As can be seen, when the confornal coating 76

It.lgthtﬁmnﬂér@tOOfi fHeat Sitsa refareacers nndeim perormallyrogtieg the clement 10 on
f
alf L‘lﬁgée Iﬁ'[] %}Ee) t}geeegfa !o{‘ &1% e(émet%ﬁ gsuéé)éélgcﬂ‘%eagﬁr? \?lﬁéﬁ ésﬁsl% déémed to the

const e coa I'ng for
elegipmies 18 a¢ fmdwatednﬁagrminla&eﬂlgﬁh Fizfire $A1TH bther Wosls, what 1s meant by
d 03|t|n of the conf or coating 76 on_ the heat
copfbarbnsattingrthRleeent L) mﬁﬂ sidesnis, esipnbiaily.chatdhe elient is fully
UL I med. This
o B O oA LG e T ORIl TGes and
ot her undesirable products n1ght form or where

el am nat.i on nmay. oceur. .| nd he case
TR A e Lo YAy EHA0 e Bhalyr St L e B Hpdfgstood
with réfeRAYE baek 44is ePRIgatR 5T4Q|ﬁd B8 aiQIcak be BRAL whéH‘@le cbiformal
coating 76 fromthe substrate 78 below, so as

cqaging dp 1% anwlied.che subsiratet78 @nfvdrigh thie hsatsoelsmglpblelrﬁ)d\@@s depasited (i.e.
el stectilsld Rl oO¥ON R for e URaliR od BB idrorhiffhane

cdlﬁ‘bm{allglapplﬁed dvatingaThédepobiting bf tie cbhﬁ;rﬁbﬂh&iaﬁﬁ\% 26 68 the\Weater
2004/ 048102 . PCT/ AU2003/ 001506 36. The mater

elpwAtt 1Onukich o instun, supposted o Alesubstrate 4 resuligiin Aseran 79 keing
£t OThis Sbdrd 79 A constitute a weak point, where oxides and other undesirable

products might form, or where delamination may occur. Indeed, in the case of the heater

element 10 of Figures 54 and 55, where etching is conducted to separate the heater element
and its coating 76 from the substrate 78 below, so as to render the element in the form of a
suspended beam, ingress of liquid or hydroxyl ions may result, even though such materials

could not penetrate the actual material of the coating 76, or of the substrate 78.
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suitable for use in the conformal coating 77 of the
present invention as illustrated in Figure 56 due to

wo b@isgdesi rabl y hi gh thermal conductivities, PECEAD2003/001506

hi gh level of chemical inertn¥ss, and the fact that
they are electrically non-conductive. Another suitable
rmterial for these 5 purposes is boron nitride, also

to.a h _t he.choi ce
R R i Al B IR Son T e gLy o
siabledfut @ ih g &ﬁﬁrﬁﬁﬂc&ﬁhﬁ T 5B HeSreddat G &R ion s iikstrated in Figure
materi als other than those nentioned, where they have

5& dne tepheir desireblythégh heineal comtlbléle&stb@r highdevshdf chemical inertness,
TP R b S SR T s

ms&aﬁab Yorvhindthide] Adsd Mfdﬂredlw absed Althdugh el hbRE oF MiateRial used for
The printhead assenbly tself, includes a nunber of

the rCP%HngJaYdS ABeAtang n @éﬁtwﬁ% §@H%1‘§%%@’F§eﬁf%1 ResSERpRRsFharacteristics,
mgt%hg ftB6de! Fich i%ﬁécf“ fv&%ret fBe %rsﬁltél?lﬁ cﬁ%gctggsrtﬁé’, n%y be used
nozz own is |s dsed on e printhead chip
inftead. shovvn), with drive transistors, drive shift
regi sters, and so on (not shown), included on the
same chip, which reduces the nunber of connections
%%gwé!r ce to Figures 58
an S?g‘lﬂie]gréﬁlle‘g%z%ﬁ th29 r)r?ltgt%aggg ?[sg{eld view and a non-
expl oded vi ew, respectlvely, a prlnthead nodul e
assenbly 80 which includes a MEMS printhead chi
%ﬁs%ﬁmrynfs Hegaaibsd abastedpre part of mn@the%asaernwmhmlmm turn, is used

ar e I@%JSS 8§tnoz e g)?ﬁ&jn é?n A g%e?g dﬁ c@%&eg?ﬁ[%%{%}g@@pgb slgad modules
S@fThqseamecﬁsgr@\désml@edrm{rutl on of 1600 dots per inch.

The chip 81 is also configured to eject 6 25
different colors or types of ink 11. A flexible

R BfetriHolficfl 6 Hi eéo ANk &P&Fé)ffnﬁzzléés 9+ it dg%b%éa on the printhead

connected"to t supp
chap thad shewit)pwith elrivh ltr|ans1§[tms driveshdl ragistdrerand do ont(mota;hown)

st ee u r | ayer sheet 8 SO
ing{ypd pE i siind ehip. HRRBIPO LY heaiEmench conbeptons Fduired gp e chip.
chip 81 30 itself is a multi-layer stack of silicon
whi ch has ink channels (not shown) in the bottom
Withyreferagice & Figoren S88nd fAdberedhshomal, & beexplpdetivigve andm non-

LR g I LRI S v

prithgidthiplask@mbler8dt(hlsd Seferred to below as a chip). On a typical chip assembly

81 such as that shown, there are 7680 nozzles, which are spaced so as to be capable of
printing with a resolution of 1600 dots per inch. The chip 81 is also configured to eject 6
different colors or types of ink 11.

A flexible printed circuit board (PCB) 82 is electrically connected to the chip 81, for
supplying both power and data to the chip. The chip 81 is bonded onto a stainless-steel
upper layer sheet 83, so as to overlie an array of holes 84 etched in this sheet. The chip 81
itself is a multi-layer stack of silicon which has ink channels (not shown) in the bottom

layer of silicon 85, these channels being aligned with the holes 84.
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determ ned by the width of the field of the stepper
that is used to fabricate the chip 81. The sheet 83

whaw4oksammel s 86 (only sone of which are shownP@EEAU2003/001506

hi dden detail) which are etch® on the underside of
the sheet as shown in Figure 58. The channels 86
extend as shown so 5 that their ends align with holes

TG o i g Ry Emanin W S 21 o FfebRafn i

d&eingfiedBHy theRwitith' oF.th@fibl B f Vel sheppbathaels SisdSiol fibrecal A8 Ehip 81. The
Iaéer 90. Each channel 89 carries a different

hestrolasi dhannely &7 (asly some ofaxtielparefsbewn pehidden detaib)awirieh are etched

hj I ch anne I
of SR BB of b s R B AERG 352 Bl SRS ARG o o
th&BtheiM%hd@aligih \ifﬂﬁli Rolas 87 &l 4 ﬁlitﬁlityw 88 Differchiedned @f ﬂfé cﬁ@nﬂeﬂs 86 align
t he upper 10 | ayer sheet 83. These holes 93 are

wiipdiffeantanenot 18 hples - ghs% hele7.dn tymcaligngwith hagnels §9 in a lower
lag o % A éﬁ’eﬁﬁel es a@ﬁe&ﬂﬁ%@e{cﬁ?@ﬁécﬁ?@cgﬁlﬁkﬁe&&m for the last

erefore In
cleaneiy desm@taaadri) 1}1\4”1111115 lgtéﬁtﬂ?_ﬁlal I91: Inmmaf cmnelgmﬁ |1snai;] gllaﬁ edth further
e das [ e ovve as hol es
h@%%% ngtﬂp HPE qzi gﬁgﬁﬁlé}ns ggargﬁ 8.1 ¢r holes 93 in tﬁe upper

%@&%e d[‘hegesh(fléé 6P thﬂéd &1&@%@&1@?%@?9& 6E80t @9t1n 10 ¢ top

enters the channel 91 through rel evant
cl%neldawbrﬁﬁm thatdhess inter paghare iahgmﬂdl with, 92d dreefoR: 1arihh1d—ﬂow

iRt e r s o ol SORE et HEROL oun

into the side 99 of the chip assenbly 81, from where

it is forced out, at 100, through a nozzle guard 101
Thilogrer bape?Q hasthodes S opeaiag inte ﬂkﬁa@}?@ﬂé 8% e@épﬁea@n@ll YarCompressed

ﬁﬁf re@ Q‘?%{g)gggﬁ F%ﬂﬁé{ﬁ{ Egﬁ%ﬂ)&) éég %rstﬁg Pﬁe{}ﬁgl ?lovve ) %}1 tlge relevant hole
9&@nd :tmm)asdee tlarbaginidk $0RS 92 and 93 hedslotstIspinghe hEd mfét 88/ ¢he sheet

ol t hen .al on espective channels 86 in th
Sjﬂﬁ?fg‘ii% iegbohgpneee Bg,erﬁspepfa‘gﬁéy agfl étheblowinpta fhe side 99 6f the chip
[ 4 t
aé’s@rﬁgl?%‘l : g@%@ﬁ?g i34 &Ee%&@ aé?b@ %O\RAQ'F? n,(b) g%l gqtﬁg gvthlch covers
themezdes tekapshe B«aazms cbdar bﬁp}lphnﬂm Péfférenttyhaldredvirks 11 (not

s Pasdurp R e s et e P Sh i he Yo 38, d8g ghen
thirSughfi8spebliv Koles $7h ﬁmh"&lbr@%ﬂﬂcﬁjder &1%1%15 g@mt 8 ud@Blde of the upper

nozzl es on the chip ur e ) whi ch a side view

lagger shiet 83 ﬂmltgélerésmmﬁ @?@s@mfbhgt Sb@et;ﬁfndﬁhgmhwgmhemdts 95, to

naw
Sl PEGRTEA 524 oy R il B oF el S Ryt e tver 50
(onb Eipreeath eolisﬁaf)mm @Ad besfortitt dongiréssad si@Cviatmdichtthé ek and air is
circuitry is disposed. The top |ayer 30 of the chip

pagsedRrng Chin/$il cthe atknleing diresteditn éhe, (989 nozglgw pry theceup.
enables the filtered conpressed air to be directed so
as to keep the nozzle guard holes 104 (which are
Figepras enwhith scidenwdtw ofitHeyprimphedd atveldld dspashly 8D efiFignfes 58 and 59

52 ematmgﬁy shown, is now referred to. The center layer 102 of the chip assembly is the

layer where the 7680 nozzles and their associated drive circuitry is disposed. The top layer
of the chip assembly, which constitutes the nozzle guard 101, enables the filtered
compressed air to be directed so as to keep the nozzle guard holes 104 (which are

represented schematically by dashed lines) clear of paper dust.
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WO 2004/ 048102 PCT/ AU2003/ 001506 38 The | ower | ayer

105 is of silicon and has ink channels etched in it.
w(ah@gme4sink channels are aligned with the hol eBCBAU2003/001506

the stainless steel upper |ay¥ sheet 83. The sheet 83

receives 1ink and conpressed air fromthe | ower |ayer

90 as described above and then directs the ink and

o, t he The, .,ne t.o funne ink an ir
TE T label s Bt Hhconl P S Bk {hohel® BEhed iy Brosg gtk GHafels are
alighed Wlt‘ﬁ‘th@h(@l"es B8irAing staRP&E sleaMif] pe@ﬁty EOshE&R3C NTHR sheet 83 receives
assenbly 81, is because it woul herw se be

ink pd sempreasediair faomghe lower laserd) asudeperibed 2bes) and ther directs the ink

hol
o BOEAD 1, o Mool s and BRBoBEFHER1G5 ARk vy e
lotver layer 3 ivid the edil-ddyer 88 anthusich ejyelca;ar Rlthé bhég bﬁﬁétnbi?}h@ll\ﬁi@ because

| oc ted 10 on the Jayer_ 102 of chip_ assenbly 81
it ol ofaeransn Be lgmrrt‘él%ldﬂ aben thy lytee aymberd(768) 9t VFWesnra@Blozzles 3

wlh B B BSSE 51008 1 iETopacaRaybat ed 10 an epoxy

apsulating, a dam 108 is
prow ded. This aI | ows the epoxy 107 to be appl | ed to
space be e dam 108 a d t he ch
ﬁ%ﬁ&ﬁ 30 Gometes 1 18 Shu e Fe5 ek Ghes R AR bshoppblocated
or?ﬁ’r@ X¥er (DL Ef él'ﬁﬁ aRBRBY HO THRaRiNALERHOR b boﬁe@%ﬁ%ﬁs 106 onto

he Wire bonding structure from 15 contam natio
thp R6E flemanddbese, wisgschré tlmmenmphldmed aih arc quad107 FEefeéﬁecu thig

b A8, 085k NS BCRETR68) il BB o i e
spabEbdt@esn the Mamdl 03t4ne thCEHIp ReMbE; 8 140 titBaH P Y08 fe embedded in
assenblies 80 as described above. The printhead

the §R@H | Quopghe epaxyiOy @ar kardensd, i ppdepss thearire homdingestructps from
co?ltﬂrﬁlﬁ‘%lko% l;fgrga# ét*u? el m%é}{&ﬁléﬁg?o%hcﬁ The printhead

asse even o ead nodul es
assenblles 80, mhlch are glued onto a substrate

annel 110 in the formof a bent netal plate.
n@éo ngug? Btshere &% shompasshempaticallp4e gn eérégd@ha@‘@oa prjnthead

asgé'h%lgq AR EndHdR! BhShgloter c@ﬁ@n géﬂtﬁ é)gﬁﬁlebd) nﬁﬁﬁ%lﬁseﬁ&?les 80 as

different colors-of 1nk resse
descrittiddebote. pT]aassmerrthdead%se&ilbly Missoonfigoted féd aepagbtvadthr;irinter,

hose .112.is.gl.u into ace in the channel 110. It
SdﬁﬁiFﬂﬂéEﬁ8fgg1@ﬁ§?YR9ﬂ¥P 112 includes holes 113

therein. These holes 113 are not present when the hose

112 is first connected to the channel 110, but are

Thegrringheadpeseaaifly &9 inpjudgaglewsn ofishe printhead/mpdules asgernblirst80, which
L A R S —
offsesdn lidkekseash, dekigalited b tHeabREentd dudelyHI &€.-prdigeddlsapply the 6
dl%ferent gg}grrs] otf ?n?{ a%rdI tﬂé Eoemgressed air to the chip assemblies 81. An extruded
flexible ink hose 112 is glued into place in the channel 110. It will be noted that the hose
112 includes holes 113 therein. These holes 113 are not present when the hose 112 is first
connected to the channel 110, but are formed thereafter by way of melting, by forcing a hot
wire structure (not shown) through the holes 111, which holes then serve as guides to fix
the positions at which the holes 113 are melted. The holes 113, when the printhead
assembly 19 is assembled, are in fluid-flow communication, via holes 114 (which make up

the groups 111 in the channel 110), with the holes 98 in the lower layer 90 of each
printhead module assembly 80.
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assenbly 19 is assenbled, are in fluid-flow

comruni cation, via holes 114 (which nmake up the
wW@e@4p$310211 i n the channel 113&‘, wi th the hol eBCP8U2003/001506

the | ower |ayer 90 of each nt head nodul e assenbly

80. WD 2004/ 048102 PCT/ AU2003/ 001506 39 The hose 112

defines parall el channels 115 which extend the | ength

of the hose. At one end 116, the hose 112 is

connected to ink containers (not shown), and at the

TIRPRRE 11 2 defkks bhrhllel dHaBkds 1 B5 WhiRKieHRA] SheOBRAIR 6F the hose. At one end
extrusion cap 118, which serves to plu%, and thereb

118, thecose b2 is conegetpddd inkheontrimess (nat Alaven ﬂ@kﬁtémqmps'¥e end 117,
| 11 | t h h L 11
i34 BrpPh a3 ARSI S Althnl O T8 Wbl sENANAGud g Mtk close, that

endhvEiinehos¢10 and hose 112, in turn, exert pressure onto
an assenbly 120 which includes flex printed circuits.
The plate 119 has tabs 121 which 10 extend through

: .
ARG syt 1 SEPBHE RS oced R EhALEHY arttipabliz, n
seres pe a batlopletedbr thesee ITheAhamel 1 L& amihdk24 12,90 purayéxaeichréssure onto
| ocate c r. .bus hars 125. .though the ener )
anr%amlxc}_% %ﬂ%@?@?@s X&qqﬁ?fﬁ'%ac&ltac?éla? lait IDAH fabs 121 which
exRéRiStBfugh AYRALY O ih $hdbvlviiRaly Xk iABRB WAL 3 RS chhrnel 110, to
than that of known thermal | nl¥ jet printers, there are
logate theadhandel abd platesgitloBBpevd kr¢ash other.n t he pri nt head
array, and this is approximately 160 tines the nunber
of nozzles that are typically found in typical .
AR EkRGAGRIH isASovidkal B QdcateRsopBer Busbag 126598 housihRRhERH required
may be operational (i.e. may fire) on a continuous
torppsiate aipinthepdorseprdingdn thapresenbinapntinaie an otdsnelmpgniide lower
0 / i .
g b S Pt o PO R e AL T 00 488 5 e
privithdad agagcandithig Iiyapphecliinh@tyi llﬁf)\t/)tﬂﬂesi the tlgﬂﬁbéﬂ‘tfﬁ' noaxled thatdare
consupption per. nozzle w e an_order of nagnitude
typigir fouRa R REFAL PNTRIRES L A8 e HZFIGE A ém s Prossat Iptiiignanay be
. . r a .
SRS AP o R0 A ORGE i o
cankenpti@bwilbparesdetd fenapnitddchigher thar thpisin kBdh lameewn printheads, and

rovided to abut with contacts.128 on,th upper si de, .
et oG lotedp AL Dot FUT haSipBRBOR S tgpstmption per
ndzBR wWilll B¥ CRLer T dMHeRitu RIS R EDIhhE thabfh thd REoWFBEnBdads. The busbars

extend fromthe ch|F assenbl i es 81, around the channe
(6]

1261a9¢ suitabte fou ppaoidingiogsechipegver reguinerenigsingrhaye powerdeads 126
?&Jsb&;\trst 126, to a position below the strips 127
soldered to them.

Compressible conductive strips 127 are provided to abut with contacts 128 on the
upperside, as shown, of the lower parts of the flex PCBs 82 of the printhead module
assemblies 80. The PCBs 82 extend from the chip assemblies 81, around the channel 110,
the support plate 119, the extrusion 124 and busbars 126, to a position below the strips 127

so that the contacts 128 are positioned below, and in contact with, the strips 127.

Each PCB 82 is double-sided and plated-through. Data connections 129 (indicated
schematically by dashed lines), which are located on the outer surface of the PCB 82 abut
with contact spots 130 (only some of which are shown schematically) on a flex PCB 131
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so that the contacts 128 are positioned below, and in

contact with, the strips 127. 30 Each PCB 82 is
waelowbioes18i ded and pl at ed-t hrough. Data connectPOHAUL®3/001506

(indicated schematically by shed lines), which are

| ocated on the outer surface of the PCB 82 abut wth

contact spots 130 (only sone of which are shown

y ical fl P 131 WO 4/ 048102 40
wBER RO Bl SR o 0 S8R Diient®, FE et 4 et et of e
flenids bt gPate BITBE & the PCBIA 30Ricthe aig doansasksasapart of

the flex itself. Data is fed to the PCBs 131 via the
edge connectors 132. A netal plate 133 is provided so

A S Bl 5o 0000 3 00 75D

cdnygeichits rog tHerpridﬁl;,emﬂd aﬁwﬁﬂbty I%ﬂ@gﬁthblamﬁ ﬁhf ebfrd, thel clhdﬁfe%] 110 includes
tw st tabs 134 ' extend through slots 135 in the . .
twiftagls 1E4avhiRk mceLheael lts | Somithe plate 130 Stenas assembly 19 is put

b St Lomtel
BNl PR AR P aler CHRL G gt rom
befig Bithdmyndhrosgmtimrsiots.wi t h ref erence to Figure 68, the

printhead assenbly 19 is shown in an assenbl ed state.
Ink and conpressed air are supplied via the hose 112
Bfttvad 36 surR@WBY with reforRBd o g\e @3t e phifadad ﬂs%@mb?rl@, i98vn in an
I's grOV|ded to the printhead chip assenblies 81 via .
ass¢rabled gigte. bkrand compeesiinir ara eupplied tvirethd hede 19 2 at 136, power is

Lies e_l ted on,the el ev rint head, .. .
SRR B i PlocoddOR Knd B L BBl G588 81 via e
edye ¢ohndaghr 03 2 STHefindlicad Rhipvdsskdeblfes 18 1 ARLIBEAtEDon the eleven printhead
rint head assenbl%119 in place in a printer (not
¢

p . Y.
megidgAssempHes &, meu¢h ipelude figtHCRT 8% he pri nt head assenbly

19, represented by the distance 138, is just over the

wi dth of an A4 page (that is, about 8.5 inches). 20
Mpefting hales 130 dre provile6 Sor mbantmgitse privahend asednebint 9 daploys in a

a cross-sectign rough the_  assenbl ed printhead 19.
Prﬁ}fsrﬁlﬂ»ﬂhewn@ eﬁ%@ﬁﬂ%ﬁﬁﬂ% O printhsAs StReRbidy FiPrgefed by the
diSihdt BRSRITRbverthe Gdih Of GRAAPE (ARG abBS: £ hcfles)

| ongi tudi nal section through the ink and air supgly

hose 112. Also clear to see is the abutnment of the

C ressible strip.127 whi ch nakes contact,. apove.w th
RERIREIE TiekS g3 uherd P hubotehim e Pgtarectiar roenihe
ashérE¥le@pEinthdae)d. Rt M8ls, fth@posiforfoftd\§licohl s&cﬁ@&%lﬁ% ¥ cﬁi%-assembly

The tw st tabs 134 which extend through the slofs 135

81 epnraiearkydespen, gs eanea lpagitudinal sectionseroygiethe inlhand air sipply hose
llch ﬁil{o Jl&ﬂr %4 ge% i§ ﬁ{éfaibgﬁﬁe%tt b? fhe c{)l%Bfe%SQigfétsg'gp P% &/ﬁ%h gn%?tgse gontact
above with the busbars 125, and below with the lower part of a flex PCB 82 extending from
a the chip assembly 81. The twist tabs 134 which extend through the slots 135 in the metal

plate 133 can also be seen, including their twisted configuration, represented by the dashed
line 139.

Printer system

Referring to Figure 70, there is shown a block diagram illustrating a printhead system 140

according to an embodiment of the invention.
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line 139. Printer system 30 Referring to Figure 70,
there is shown a block diagramillustrating a

w@eoonvksaerl system 140 according to an enbodi NRCI/ATL003/001506
the invention. WD 2004/048102*141 PCT/ AU2003/ 001506
Shown in the block diagramis the printhead
(represented by the arrow) 141, a power supply 142 to

j ; i I 43, a ri nt data ,144

Sholf Bl hEbLERYaghly Ve BHAREA Fetes A Ol P Power
suphby 142toah@prirtheadpah mkistpplpa 43 amdiprinddatet & phech i9fed to the

pager 146., 5 Media transport rollers 147 are provided
prigfhesdasdheipets inkeatddg epnte penpmediaim thedpimpipperample, of paper 146.

medi a pi ck up nmechanism 148 is configured to wthdraw

a sheet of paper 146 froma nedia tray 149. The power
MedpptansiietPrallerst 167 ape provitied go ihspoit tlegmpeahl 40passtha printhead 141.

stapdard type. of. s Ly i 1 ri.nter devices. The
ATHRIE Qs o ek A8 i canbceEA th PUBEEW hiheeStisitagt o a
mledRithd1lgy. various types of information will be

provi ded, at 150, about the ink supply, such as the
amount of ink remaining. This information is provided

T B ot B0 45 Mrish rovfing PEGYPlaBE i S5 BRGA e of sugbly n
pEResisidcesof a nunber of buttons (not shown), such as

a "print" button, "page advance" button, an so on. The
systemcontroller 151 also controls a notor 153 that

ThE RS T3 ol i bl BT el o TR AR Bes of
infarinagios will Be pAided, atsl S0estRwSs the)nit prﬁl}b SudhysttRdamount of ink

controller 151 to identify when a sheet of paper 146
rem@inipe, hhis infgunationds Broviicd ¢ae dustem eQntiolgx 1§r Vhich fgconnected to
- faet td | Sy
 $8F IRETRE 15T e orsieR 152 SRRl s F14 Bubb B nor
shosah) ssuph eka Uprinte bitaom, Epage48vines” byttonk edsaipn.t Tiee sisteat controller

it oot TR e BB S S b
1400 Pnb 18P Forveividiahe WREHA t%a!ﬂ@gq?hl%@ltersqf47p aper 25 146

reaches a certain position relative to the printhead
141, the systemcontroller can effect- printing.

R SRS 4B LS SN R e e 4 s moving
pdsheheprinttiche a4i1, 56 that bfinithd tanlBeastRbREQt R cORBE.EhA EBls time can be
retlaQS& totahs%egi%g tti?nrg that has elapsed after the media pick up mechanism 148 has
picked up the sheet of paper 146. Preferably, however, a paper sensor (not shown) is
provided, which is connected to the system controller 151so that when the sheet of paper
146 reaches a certain position relative to the printhead 141, the system controller can effect:
printing. Printing is effected by triggering a print data formatter 155 which provides the
print data 144 to the printhead 141. It will therefore be appreciated that the system

controller 151 must also interact with the print data formatter 155.

The print data 144 emanates from an external computer (not shown) connected at 156, and
may be transmitted via any of a number of different connection means, such as a USB
connection, an ETHERNET connection, a IEEE1394 connection otherwise known as

firewire, or a parallel connection. A data communications module 157 provides this data



controller 151 nust also interact with the print data

formatter 155. 30 The print data 144 emanates from an
w@xa0en0ssb2 conput er (not shown) connected at 15BCT/anezho3/001506

may be transnitted via any of42a nunmber of different

connection nmeans, such as a USB connection, an

ETHERNET connection, a | EEE 1394 connection ot herw se

to B B PR 50 YRGS EvnBLATORPERy 4D dio/iem ontroller
154004/ 048102 42 PCT/ AU2003/ 001506 to the print data

formatter 155 and provides control information to the
systemcontroller 151. Although the invention is

A A B W oL R rBBE it smrogmmpngy v
bd thdel€oodrty thbwtskillee ih ﬂmmmanhmeﬁﬁ)rﬂﬁbpﬂe eelbbdied® Wany other
other forns. For exanple, although the above

formt digr geamplealihayeh the pheverashadiments raferte thrdhaatpr elements being
t ! .

el@n%tﬁgglfé/]ta%ﬂa eﬁ I?Iﬁ‘l éi@r%gga&l gﬂliaﬁéde n%ﬁ%ﬁ@llnh%/ 3311?8 %\gﬁé«?&g}n embodiments,

wh@pnpm@pmﬂ& WO 2004/ 048102 43 PCT/ AU2003/ 001506
CLAIM5 1. An ink jet printhead conprising: a
plurality of nozzles; and 5 at | east one respective
heat er el enent corresponding to each nozzle, wherein
each heater elenment is in the formof a suspended
beam arranged for being suspended over at |east a
portion of a bubble formng liquid so as to be in
thermal contact therewith, and each heater elenent is
configured to heat at |east part of the bubble 10
forming liquid to a tenperature above its boiling
point to forma gas bubble therein, thereby to cause
the ejection of a drop of an ejectable liquid through
the nozzl e corresponding to that heater elenent. 2.
The printhead of claim1l being configured to support
the bubble formng liquid in 15 thermal contact with
each said heater elenent, and to support the ejectable
liquid adjacent each nozzle. 3. The printhead of
claim1 wherein the bubble formng liquid and the
ejectable liquid
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are of a common body of liquid. 20 4. The printhead of

claim1l being configured to print on a page and to be
w@2pagesioil dth  printhead. 5. The printhead of PBPCHADRM3/001506

wherein each heater elenment i% in the formof a

cantil ever 25 beam 6. The printhead of claiml

wherein each heater elenent is configured such that an
Cﬁ%ﬂﬁgti on energy of less than 500 nanojoules (nJ) is

red to be applied to that heater elenent to heat

that heater elenent sufficiently to forma said bubble

in the bubble formng 30 liquid thereby to cause the
Lej ecAn d¥ jefprinthesd ompeiging7. The printhead of claim1

confj [ a supply of the ejectable liquid

at éhgﬁéﬁgﬂgﬁp&?%%ﬁégature, wherei n each heater

el enaidast cheqespletipiy [Rdted slbhehhédrrdspendimetogincV\bdzzle, wherein

2004/ 048102 PCT/ AU2003/ 001506, 44 required to be

appl i ed t her et§<h Begigralenaent ds indhe form ol apeneed beam, arranged for

ej ection ' j €§§% : e o

required ﬁnﬁsgﬁngeggﬁﬁﬁ%&g% alﬂ(ﬁ&ﬁé%{a%lifb@% léﬂuld S0 as o be

equal to inhisermel eomtacofherdveith,aad d drop, from a

tenperature equal ,to said anbient t rature to said

boi Ii ng poi nt. agh Beates erﬁ?tﬁﬁ%??@%@ﬂ@ﬁ%ﬁ%tﬁ? lpast part of the bubble
conpri si N@r@ing Hasld BlaeMB¥iaRfe focVdRB boAlH PPitt8E&Rm a gas bubble
wherein each nozzle has a nozzle aperture opening

t hrough tthereimuthetabytte cause tlzcgiectiondHatdeoofan djectatde Bawid through
density the.nozzles relatjve to the substrate

surface Ce{&% 8%%?.1,3 (i%‘feéﬁ?)tqﬁl&% dé%t%ﬁ%tier elglalﬁ'&ti' e cm of

substrate surface. 10 9. The printhead of claim1

wher ei n each heater el enent has two opposite sides and
2.i s Eesiringined of slgim ltheing wnfaped fasipon thebytbla®aming liquid in

i pORA Sh BRIk pefol GERER, Bl Bl e SRLAPRIRA adjacent
cacheo=ie) t he bubbl e which each elenent is configured to
15 formis collapsible and has a point of collapse,
and wherein each heater elenent is configured such
3.t hatTHNGiRRaRof failﬁqldﬁiwaﬁ u&g@bt&lﬂehhﬁlfﬁ shdl e Ej%btﬁléle liquid
I's spaced fromthat eater element. 1T. e printhea
are bf ¢ bahmmon bodypf ligiihg a structure that is forned by
chem cal vapor

4. The printhead of claim 1 being configured to print on a page and to be a page-width
printhead.

5. The printhead of claim 1 wherein each heater element is in the form of a cantilever

beam.

6. The printhead of claim 1 wherein each heater element is configured such that an
actuation energy of less than 500 nanojoules (nJ) is required to be applied to that heater
element to heat that heater element sufficiently to form a said bubble in the bubble forming

liquid thereby to cause the ejection of a said drop.

7. The printhead of claim 1 configured to receive a supply of the ejectable liquid at an

ambient temperature, wherein each heater element is configured such that the energy
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20 deposition (CVD), the nozzles being incorporated on

the structure. 12. The printhead of claim 1 conprising
w@2@snoeadur e which is less than 10 microns t hi B&T/AURM08/001506

nozzl es being incorporated o4 he structure. 25 13.

The printhead of claim1l conprising a plurality of

nozzl e chanbers each corresponding to a respective

nozzJ] e, and. lurality of . sajd heater el enents being.
oG 805 PRl BrhSio i bt (. o1E B P ShrorLardp s les
theh tHy dﬁe@@qapﬁﬁan@ RéatRKiondnd Of ARMejectatsle fib@ideghal to the volume of the
respective [ayers to one another. 30 14. The printhead

sap diopairom B tpperatuse equahtohwid ambientdamperatuse toosardepilifig point.
solid material nore than 90% of which, by atomc
proportion, is constituted by at |east one periodic

8.el entd priralidadd fathimt 10dontpridiHEhedubbiedto havifle a Widstrate surface, wherein
2004/ ({48102 45 PCT/ AU2003/ 001506 _15. The print head of

eachapzale hagrencszle wsenrepsrias tapughethe spbrénatfoitage and wherein the

t : : I

o R of Rl SO P E ol e RS RpecdF 10,000 Bk e

squarelnm bfsatbetate surdadeenmper at ure above sai d boili ng point
thereby to heat said part of the bubble form ng
liquid to a tenperature above said boiling point to

9.Causehd HentReRAGIcRAMA wRers Rl ddcihfer eletneh® has'thR opposite sides and is
printhead of claim1 wherein each heater el errer‘ptp 'S

canfiiguted st¢tuthiat/a sand gaschiibble farmedlf thatiedatquetsnent isermed at both of
¢oating,, the cogting of each heater el enent having
Saﬁ(g%ﬂesa%ﬁlqt@ ate%%ﬁ%’?’gtnti ally to all sides of the heater
el enent sinultaneously such that the coating is
seam ess. 10 17. A printer systemincorporating a

14y i nfheeppéntheadof slaimt lhsbereiadhpbubblawhich gagh elempnttiy cotfigured to

folk4¢ !:(ﬁﬁl sigfédanathag ggﬁﬁt 8P§ol{a§§é? ?}\}%& {Nﬁgrefhec%tcﬁ 'hﬁa%reéfglﬂént is
corresponding to each nozzI'e, erern eac eat er

conffignied suétsthantht peint of collpseofutapbrdotmébteiebaiy Sagiorom that
for 15 being suspended over at |east a portion of a

hegipsslemenbr ning 1iquid so as to be in thermal contact
therewith, and each heater elenent is configured to
heat at |east part of the bubble formng liquid to a

1. e npEreggrintkeadvdekrinnt Iscongirisingp gpaicture that fsdommeal yachemical vapor

de%%ls%%lor? (CVD), the nozzles being incorporated on the structure.

12.  The printhead of claim 1 comprising a structure which is less than 10 microns thick,

the nozzles being incorporated on the structure.

13.  The printhead of claim 1 comprising a plurality of nozzle chambers each
corresponding to a respective nozzle, and a plurality of said heater elements being disposed
within each chamber, the heater elements within each chamber being formed on different

respective layers to one another.

14.  The printhead of claim 1 wherein each heater element is formed of solid material
more than 90% of which, by atomic proportion, is constituted by at least one periodic

element having an atomic number below 50.
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therein, thereby to cause the ejection of a drop of an
ejectable liquid through 20 the nozzle correspondi ng

wao oootthetioheat er el ement. 18. The system of cl aP@T/A¥2003/001506

bei ng configured to support tfe bubbl e formng liquid
in thermal contact with each said heater elenent, and
to support the ejectable liquid adjacent each nozzle.

51 ] tem.of. claim 17 rein the bubble. . .
For mt PR EHEP IR 1 B8y N o g8 i materia anis
cadigursd fbogihass off lesithsh 1(@RanoghensSofshesvlidim#bad] Bf ihat heater element

being configured to print on _a page and to be a

toecheatrd 4o A tempergprebera spid bailingpeing fherebm te heatsaidpart pf the bubble

RN R PP A S e B P sid o

22. The systemof claim 17 wherein each heater el enent

is confiqured such that an cfuation energy of  |ess '

16 TBORTHATTE) TS Hb5roee e efiorelP e e igpantialy cpuered by a
. t .

cdd¥éimd] ﬁﬁ;t@cirtlgfe ?gﬁf the c%a‘gﬂf‘gaéfber&ggfwa@&%ﬁﬁeen? b%gﬁ? fe)een applied

sufficient fma sald ein

substantiaily 6 allisideis @ f thedreatoy clemenisiimel tarteously euxdhi that thé ceating is
saild drop. 23. The systemof claim 17, wherein the

PP ¥thead is configured to receive a supply of the
ejectable liquid at an anbi ent tenperature, and

wherein each heater elenment is configured such that
1T.he Armeinggy sydemiinesaparatinga puigheadd theipsingtead comprsing:sai d
part 10 ejection of a said drop is |ess
thanaﬁﬁéﬁgzéfﬁéﬁggqﬁdﬁed to heat a volune of said

ej ecitdedseond tegpbictlvehentdr elé@ndnl Cory@bbidn®fo dallk n6a41€l wherein
drop, froma tenperature equal to said anbient
t enper at ure t o®& ihSatB’b‘Pleﬁfg i,y the forpyof aryspengded beamyfarranged for

claim17 Y ' g .

Ut ace, WALE Srpertd RyB Sl Fori PR L R Spuid go s tobe
openi ng tinrthergial thetac tileséwith,andur f ace, and wherein the

areal density of the nqzzles relative to the substrate
surface exceed®h F@}grbeq%ggp%goné'&medsta &‘ﬁﬁ“é‘t ?ﬁ??tdiaﬂ Oflthe bubble
substr at efo‘ﬁﬂ[rfgﬂ?cﬁlid # te&%ﬁ@raﬁﬂ'é LE8Veqfs b%!ilﬁi@oé%t J@’?@ﬁf’% gas bubble

each heater elenent has two opposite side
conf i gur etersirs therélat toxasssithe gactidnudflal drop of aregjedsgble Hawid through

heater el &g%gtzzlle %orfrgs%gr?cgnga Eo tggtt}pea%fr element.

18.  The system of claim 17 being configured to support the bubble forming liquid in
thermal contact with each said heater element, and to support the ejectable liquid adjacent

each nozzle.

19.  The system of claim 17 wherein the bubble forming liquid and the ejectable liquid

are of a common body of liquid.

20.  The system of claim 17 being configured to print on a page and to be a page-width
printhead.

21.  The system of claim 17 wherein each heater element is in the form of a cantilever

beam.
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said sides of that heater elenent. 26. The system of
claim 17 wherein the bubble which each elenent is

w@oovhioggined to formis coll ap% bl e and has a PpOI/AU20B/001506

col | apse, and wherein each heater elenent is 25
configured such that the point of collapse of a bubble
formed thereby is spaced fromthat heater el enent.
27. The systemof claim 17 conprising a structure that
is formed by chem cal vapor deposition (CVD), the
20z zTkRssyerhngf dlaiant PRhatdctacinhédie ebdnidnt isboafigd@d 26ch that an
The system of claim 17 conprising a structure_which
aqt@é@nteﬂ%rﬁy pbless thap 360 pepajules @RS respited fo branpgied to ) that heater

IR RIETR SRk Eg A SR AP OIBILI e vl v

liquodrprerebiyrig cansplthe gbdtion odh saidzizée chanbers each
corresponding to a respective nozzle, and a plurality
of said heater elenents being disposed wthin each

2§ hampgd systeRfo@ALLT7, HRIABNTS pinfRhd iSR0ReaRka %’%elbs h BGbply of

formed on different respectlve ayers to one anot her.
the eRotabiRHausd) ait amrandfierg ltempardtirenkmast whereimagabh hesd¢raalement is
el.enent i.s.formed of soli 0%
QA sp{ e P Eesls SR 16 B4 el dief e P gpigpat B cause the
ejk&%tof@s&dﬁﬁb}% adkss thal @EeRdrgifquited Bheat Q%IGm%mﬁﬂ gjectable
bel ow 50. 10 31. The systemof claim 17 wherein each
ligiad eeyal & dwantumaef thel e@d deipi Hower temiparatugm equa to said ambient
of |less than 10 nanograns of the
teglgaﬁlag%@?egaﬁ8{3111%%5?%; heater element to be heated to
a tenperature above said boiling p0| nt thereby to heat

sai d_part of the bubble fornln uid to a
24-enpEhestysicar aldviE Easammiing g ﬁ%?tﬁ ?m'lag & stkstratersgrface, wherein
ea\?\:}a 865100204 fead grtgfe enﬂl? tit6u tEx@ sebkRhRMubhed b Qgérgm the
erel n eac er el I'S stantially cover
arbal densityoofithe mzlqs relatret tovike subsirate gyrfideexceds i1 B,00@hozzles per
each heater el ement having been applied substantially
SQUATCA} og?tg’ @atSFrgl%f?S heater el ement sinultaneously such
that the coating is seam ess. 20 33. A nethod of
ejecting a drop of an ejectable liquid froma
2%r i nThesigtem dfeclgimi hit Wherdin each heater element has two opposite sides and is

configured such that a said gas bubble formed by that heater element is formed at both of

said sides of that heater element.

26.  The system of claim 17 wherein the bubble which each element is configured to
form is collapsible and has a point of collapse, and wherein each heater element is
configured such that the point of collapse of a bubble formed thereby is spaced from that

heater element.

27.  The system of claim 17 comprising a structure that is formed by chemical vapor

deposition (CVD), the nozzles being incorporated on the structure.

28.  The system of claim 17 comprising a structure which is less than 10 microns thick,

the nozzles being incorporated on the structure.
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conprising a plurality of nozzles and at |east one
respective heater elenent corresponding to each

wW@ewal48101 he net hod conprising the steps of: pPOWAURI0G/001506

the printhead wherein each hedter element is in the
formof a suspended beam 25 disposing a bubble
formng liquid such that the heater elenents are
osi tj one apbqv.e nd in.thermal. coptac ith, at
2§ o ThE Ml PGt 1 Pt SPPBRN REEr s i bem B3t ng
c@teshatiig RNErefiRREI ¢S nGAzR)BIY a ?l@l[‘dlﬁﬁ B Rhtdr Qlednep® Bing disposed
nozzle so as to heat at |east sonme of said portion of

withia gl Bhambesy the hepter elgmentsivithin dach chambise betng farmed aotdifferent
]€%§&h£ ersdb o gg&ﬁ%%pne heat ed heater elenent to a
t .

nper ature above e boiling point of the bubble 30
formng |iquid;, generating a gas bubble in the bubble
forming liquid by said step of heating; and causing .

3Q-ne dhopystam ef daimbi whetein fagh hepterelement islormed of sohid mpaterial
r i . .at. | T
mRRe R aF oG SRAGL DY Alhmib BropORich i BRI BBy JPELE e perodic
elombi levind@n2064icGuabePbeaH/5A2003/ 001506 48 34. The
met hod of claim 33 conprising, before said step of
heati ng, the steps of disposing the bubble form ng

31.1 QUTHe §yRtenl6F ¢TBim FPRhESIn ik H.eatta.ee(]:]aﬁﬂft Hclfdes Eﬁﬂf material and is
le | ad) t he

and disposing the ejectable I qui acent
condigated<for R8s ofthss thast Howhnograoisaif the3® lidineaterial of thet heater element

R B T o Pk 3 o
foreieeliduid fea fhRradire db&&%ﬁid%iﬁﬁ%p&ﬁh@ lcgusk W18 B&ion of a said drop.

l[iquid 10 conprises disposing the bubble formng
liquid so that it substantially surrounds the heater

251 STl Sl 0, PURBREL L U AR A 3 581

canfimal peptetivacoatig] the cemiipgyf cadh haks eldntnt BAMMLIbdeA applied
15 38. The npethod of clarm

ach such heater el enent. : m
S@gtan%éﬁﬁpiagis s 05I?hegwa%elﬁlﬁéntsser@blt%wowé‘awhghaéﬁhq AaHng is
sdAffesieater elenent, the step of receiving a supply of

the ejectable liquid, at an anbient tenperature, to

33. A method of ejecting a drop of an ejectable liquid from a printhead, the printhead
comprising a plurality of nozzles and at least one respective heater element corresponding
to each nozzle, the method comprising the steps of:

providing the printhead wherein each heater element is in the form of a suspended
beam;

disposing a bubble forming liquid such that the heater elements are positioned
above, and in thermal contact with, at least a portion of the bubble forming liquid;

heating at least one heater element corresponding to a said nozzle so as to heat at
least some of said portion of the bubble forming liquid which is in thermal contact with the
at least one heated heater element to a temperature above the boiling point of the bubble
forming liquid,

generating a gas bubble in the bubble forming liquid by said step of heating; and

causing the drop of ejectable liquid to be gjected through the nozzle corresponding

to the at least one heated heater element by said step of generating a gas bubble.
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the printhead, wherein the step of heating is effected
by applying heat energy to each such heater el enent,

wob@reisiosai d applied heat energy is | ess thanP¢Tiau2003/001506

energy required to heat a 20 | ume of said ejectable
liquid equal to the volunme of said drop, froma
tenperature equal to said anbient tenperature to said
boiling point. 39. The nmethod of claim 33 wherein, in
said step of providing the printhead, the printhead
34.ncl Themethod 8P SlalrABS cOHMpMTHE TPt dail 9% ¥ Re@1R, the steps of:
di sposed, the substrate having a 25 substrate surface
and dipRosinedhp balerle farping liquid imbempal sontettavitlyhetheateheements; and

bsk. f | I
e P IR

wherei n each heater elenent has two opposite sides and

wherein, in the st eg) of generat| n% a gas bubbl e, the o
3hubbiie methgd b clatng 43 athersan the dubblgitorning liguidzod ghe gegtable liquid

arl t t. WD 2004/048102 49
pgﬁ%ﬁ‘%’g’%@mt@%% The net hod of claim 33 wherein,

in the step of generating a gas bubble, the generated

ubble is.cql l.apsi hl e and has a pojint of callapse, and .
3 o SPmathad of deim 3h areishe Stsprt cisposiae fheubledorming liquid
c&gﬁssegd{ g e babblb Edtind NGl 86 HReit REBk &l

42. Thes?ret héod of clai ml%l%er ein %he st et1gﬁ%$5§?&ﬁrdsﬁleheater
elpments.di ng the printhead includes forming a structure

by chem cal vapor deposition (CVD), the structure

i ncorporating the nozzles thereon. 43. The nethod of

3% ai The3Bethbe betlaim B whiRibifPstep oPh&ihg aBadtREe heater element is
rinthead, the 10 printhead has a structure which is

effested hyrpalyine 3 actustion ererex ofbless than 5001 rie enghowah Beaterlement.
nozzl es thereon. 44. The nethod of claim33 wherein,
in the step of providing the printhead, the printhead

3thas dhpmmettaldi dfyladh 33pZorhsrisidis) pher ® thastep 6NAEHHAE at least one heater
0.a respectjve 15 nozz|e and erein

corre&gondi? t . ) )
elementsthg stegro %?CS\YF‘%H nyrpheofthe sieetablg lippids plean amhientdemgperature, to
- i ; : .

(oL RS, SRR Ficstob, FneRlls BABLEL L BTRE Bel SB35 B cach such
heatee elefrentyscherain ehid hppledtheatenprxytis less thay éresenerzyadguired to heat a

not her ... 45. The. net hod of. claim 33 wherein, in the
v O i 3l T o el St iy Bpm igmperature eqal
to@heiHiert SerhrREE 18%sail@ PoilthePoiAr | @l nore than 90% of

whi ch, by atom c proportion, is constituted by at

| east one periodic elenent having an atom c nunber
39t.) el ofoﬁe5rgethod of claim 33 wherein, in said step of providing the printhead, the

printhead includes a substrate on which said nozzles are disposed, the substrate having a
substrate surface and the areal density of the nozzles relative to the substrate surface

exceeding 10,000 nozzles per square cm of substrate surface.

40. The method of claim 33 wherein each heater element has two opposite sides and
wherein, in the step of generating a gas bubble, the bubble is generated at both of said sides

of each heated heater element.
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46. The nethod of claim 33 wherein, in the step of
provi ding the printhead, each heater elenent includes

wa@lokd4grar eri al and wherein the step of heati NBCEHAU2003/001506

| east one heater el enent 25‘§bnprises heati ng a mass
of | ess than 10 nanograns of the solid material of
each such heater elenent to a tenperature above said

boi | | int.. A7. ,The nethod of claim 33 wherej h
4137 o TBY mifsics il am i Rt e bedind B EhE b batd Sre
gefa@ttdRBbRIis €IREBIBle andWas b pbink 8F tdllapse, ahd islel&Sted such that the
t hereof sinultaneously, a 30 conformal protective

poénficalbanse ésspaersh fram dheows dgashena hpated henteselement.

42.  The method of claim 33 wherein the step of providing the printhead includes
forming a structure by chemical vapor deposition (CVD), the structure incorporating the

nozzles thereon.

43.  The method of claim 33 wherein, in the step of providing the printhead, the
printhead has a structure which is less than 10 microns thick and which incorporates said

nozzles thereon.

44.  The method of claim 33 wherein, in the step of providing the printhead, the
printhead has a plurality of nozzle chambers each chamber corresponding to a respective
nozzle and wherein the step of providing the printhead further includes forming a plurality
of said heater elements in each chamber, such that the heater elements in each chamber are

formed on different respective layers to one another.

45.  The method of claim 33 wherein, in the step of providing the printhead, each heater
element is formed of solid material more than 90% of which, by atomic proportion, is

constituted by at least one periodic element having an atomic number below 50.

46.  The method of claim 33 wherein, in the step of providing the printhead, each heater
element includes solid material and wherein the step of heating at least one heater element
comprises heating a mass of less than 10 nanograms of the solid material of each such

heater element to a temperature above said boiling point.

47.  The method of claim 33 wherein the step of providing the printhead includes
applying to each heater element, substantially to all sides thereof simultaneously, a

conformal protective coating such that the coating is seamless.



